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PREFACE.

Although the induction coil is onc of the oldest forms of
electrical apparatus, comparatively httle progress has been
made toward rendering its design an exact science. There
arc several reasons for this lack of progress, the most im-
portant of which are the following: The limited field of
application, the method of rating by length of secondary
spark, erroneous assumptions in the mathematical treat-

ment of the theory, non-uniform performance of inter-

rupters, and lack of instruments suitable for experimental
study of the performance,

The field of application has within the past few vears
spread from the laboratory and leeture room to medicine,
radiolegy, wircless telegraphy, gas-engine ignition, cte., so
that to-day the induction coil is as much a commercial
machine as is the cleetric motor.  The constantly grow-
ingg commercial importance of this type of apparatus and
the lack of an exact and definite treatment of its theory
and performance, determined the writer 1o undertake the
translation of H. Armagnat’s most excellent work.

In this work the author has recognized the extreme im-
portance of the interrupter, and has devoted a generous
portion of the work to the treatment of the theory, con-
struction and operation of the various types now used.

It 15 well known that the design of induction coils is
almost entirely empirical, due to the lack of exact knowl-
edge upon which a practical working theory can be based.
H. Armagnat has done much toward clearing up the ob-
scure points, and his work marks a decided advance
toward the day when the induction coil will be caleulatesd
for a given service with the same assurance and accuriacy

i
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as we now caleulate transformers. All of the author's
theoretical deductions are based upon and checked up with
actual results, and the book contains a selected collection

of oscillograms illustrating the points under discussion. CONTENTS
‘To the bibliography covenng the period from the be- -
ginming to 1904, the translator has added the most im- CFHAPTER.
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2 IANDUCTION COFLS.

other hand circuits in which the lines do not leave the
iron are called clesed magnetic circuits (Fig. 3).

The secondary circuit consists of a coil, which is generally
placed outside the primary coil and well insulated from it.
The winding of the sccondary coil comes into one of two
general classes according to the method of winding. These
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classes are the solenoid or evlindrical windings, and the
helical or disk windings. The first is made by winding con-
tinuous spirals upon a evlindrcal mandril (Fig. 41, while
the secomd i1s composed of a number of elementary coils
separated from each other by insulating disks and connected
together (Iig. 5). No matter which sort of construction

is used the ends of the winding are connected to the binding
posts or lerminals, B B (Mg, 1).

In order to privluce the Muctuations in the primary cur-
reni which are necessary in order to generate e.m.fs. in the
secondary, an imterrupter, |, which periodically opens and
closes the prumary circuit, is connected between the winding

FE
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and the source, . Interrupters may be divided into two
classes, namely : Mechanical and electrolytic.

At the moment when the primary circuit is broken a
spark is produced at the point of rupture, and at the same
time a great deal larger discharge takes place across between
the secondary terminals. The former is due to the self-
induction of the primary circuit, which tends to maintain
the current even after the cireuit is opened. The latter 13
produced by the mutual induction between the primary
and the secondary.

To distinguish between the two one is called the primary
spark and the other the sccondary spark, or simply spark.

In order to reduce the primary spark and increase the
secondary spark, a condenser, K (Fig. 1), made of sheets of

tin-fuil, scparated by sheets of insulation paper. mica, thin
glass etc., i1s shunted around the interrupter, &

The e.m.f. of the source canses the primary current to be
established and the rupture of this current, by the in-
terrupter. develops, in both circuits at the same time,
e.m.fs. which are infinitely greater than that of the source;
these e.m.fs. produce potential difierences at the secondary
.erminals, B B, and at the peint of rupture, which are
sufficiently large to cause the syarks. Theem { developed
in the primary is called the e.m.{. of self-induction. the other
is called the secondarv emf. The matio between these
two e.m.fs. is approximately equzl to the ratio of the num-
ber of turns in the respective circuits.  This ratio is called
the ratio of transformation.
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: In order that the sparks may pass between two points,
it is necessary that there exist between the points a po-
tential difference, the value of which depends upon the
form of the electrodes, the distance between them and the
medium which separates them. The eritical potential
difference is called the striking voltage and the correspond-
ing distance the striking distance. A spark can only be
produced by breaking down the dielectric which is inter-
posed between the electrodes: the striking voltape is
greater according as the dielectric strength is preater. Unless
specially stated, when we speak of striking voltage or strik-
ing distance, it is understood that the dielectric is air at
atmosphenc pressure.

When the interrupter closes the arcuit, the current in the

pnimary does not immediately reach its normal value, but
increases at a rate which depends upon the self-induction
and the resistance of the primary eircuit {(Iig. 6). This
phase, A, is shown in the curve plotted between time and
primary current. The form of this part of the curve
depends upwm the ratio of the coefficient of self-induction,
L, of the primary circuit to its resistance, R this ratio L « R
i5 called the time constant.  After the circuit has been
broken i1t remains open for a time, B, The sum. 4+ 8 of
these two times is called the penod, T, of the interrupter;
the reciprocal of the period is called the frequency of the
interrupter.  When in continuous operation the frequency
is equal to the number of breaks per second,

At the moment when the circuit is broken, clectric
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oscillations are set up in both circuits, Since it is possible
for these oscillations to have different periods, they are
designated as primary oscillations or secondary oscillations
according as they have their origin in the primary or
secondary. The frequency of these oscillations is always
defined as the reciprocal of their period and not by the
number of osallations per second. In fact a discharpe
can take place in a great many ways. The spark may be
silent, clear yellow and surrounded by a corona; in which
case it has a frequency very nearly equal to that of the
secondary current. It may be white, and give off a crack-
ling noise; in which case there are a great many discharges
of exceptionally short periods for each secondary oscilla-
tion; these are called high-frequency sparks. That which
is often called the frequency of the spark is nothing other
than the frequency of the interrupter, because the eye
perceives only one spark for each break of the circut.

The value of the current in the primary mav be taken as
the maximum reached just at the moment of rupture;
this is the most important value; and is called the imitial
value,

A continuous-current ammeter connected 1 the pnmary
circuit will show simply the mean value: this value is useful
simply in determiming the current consumption ; it does not
throw anv Light upon the efiect produced, since this de-
pends upon the form of the current curve and the length
of time, /7, that the circmt 15 open.  Sometimes alternating-
currcnt ammeters are used 1o measure the primary current;
these instruments give the effective current values, that s,
the square root of the mean value of current squared, a
quantity which has nothing to do with the phenomena,

At each closing of the inierrupter a certain amount of
energy 18 stored in the pnmary, a part of this energy is
released by the discharge in the secondarv. The storing
of this energy requires a time which is longer or shorter,
according to the power of the sourse; but at the discharpe,
this quantiy of energy is roleased in a very short ume,
giving an excessive power of short duration,
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This explains why with a very small amount energy
such powerful mechanical effects, such [or instance, E‘s
piercing blocks of glass, can be produced. If the total
number of discharges taking place dunng one second are
considered, the mean value of the power output, which is
much less than the instantaneous value, is obltammed. The
enerpy transformation does not take place without losses;
the currents in the circuits cause heating: this consumes
energy according to Joules law: t.e., the copper loss, The
iron in the core is alternately magnetized and demag-
netized, and becomes heated by hysteresis. DBecause of
these losses the energy output is but a fraction of the energy
input; the efficiency is the ratio of these two, or it is the
ratio between the mean power output and the mean power
input. In this book no other use will be made of the
word efficiency.

T e b |t .

CHAPTER IIL

HISTORY.

o THistorical resumé—The question of priority of dis-
coverv and comstruction of the induction coil, is indeed
difficult to determine at the present day. The papers of
that period give very vague indications: expressions are
emploved in so many different ways that we are obhged
to fall back on later documents [or accurate accounis.
Fve witnesses themselves vary in their accounts. Du
Moncel. for instance, after having, in his ** Notice sur
I'appareil d'induction de Ruhmkorff,” atinbuted to
Ruhmkorfi all the credit of the practical realization of the
snduction coil, contradicts all this in his Applications de
I'dlectricité ™ 1873, The cause of this contradiction 1% a
pamphlet by Page, * History of Induction™ (B. No.
161.* pablished in America in 15867. This pamphlet is
cut of prnt and cannot be found to-dav in the French
libraries. This publication, which appears o have been a
protest agamst the Volta prize awarded 10 Ruhmkorft, is
ahove all. a long culopy on Page, by himself. Unior-
tunately, there remain few documents which may be used
to prove the affirmatons made by Page, except as far as
concerns induction coils, because in the papers of 1837,
deseripiions with illustrations of coils intended for medical
apylications are given, which leave no doubt as to their
existence at this time.

The ereatest difficulty in comparing the ditierent memaoirs,
i caused by the continual confusion between the spark
at rupiure produced between the peoints where the rupture
takes place and the secondary spark. The frst requires a
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g INDUCTION COILS.

very small difference of potential in order to produce a
spark between two points which are at first infinitely close
together and are drawn apart; it is also assisted by the
particles of metal, which in many of the early experiments
were torn loose at the points of rupture. On the other
hand, the secondary spark having to break down a gap of
constant length, requires a much greater difference of
potential.  That which has long been called the Ruhmkorff
coill, 15 a device permitting the formation of secondary
sparks. To-day the name * induction coil ' is most gen-
erally employed in this sense.

Induction having been discovered in 1531 by Faraday.
The vear following, Professor Henry of Princeton (B. No. 1)
observed that a spark was produced by the rupture of a
circuit, the spark being greater the longer the circuit,
The fact attracted no notice; then in 1533 (B. No. 2) Dal
Negro called attention to it again. The spark at rupture
was due to the  extra current  at rupture, as was simul-
tancously found by Jenkins & Masson (B. No. 4).

During the following vear 1835 (B. No. 3) Henry pubs
lished another article, in which he shows that the effect of
the rupture is increased when the wire is wound in spirals
and when iron is placed inside of the spirals {Henry made
his experiments with flat spirals). He notes the shock
produced by the * exira current ™ and he tells of the igni-
tion of explosive gas nixtures with the spark. He explains
all these effects by the induction of the spirals upon one
another.

In his memoir of 1537 (B, No. 4) Masson notes the same
facts as Henry. He uses coils instead of spirals, and he
points out the influence of iron in the coils, and the use of
the toothed wheel for obtaining a succession of shocks,

In 1837 (B. No. 5 the name of Page appeared for the first
time in Europe, The article reproduced in Sturgeon's
“ Annals of Electricity ™ is a letter dated from Salem,
Massachusetts, Maxy 12, 186, which purports to have been
published at this time in " Sillimann's Journal." In this
memoir, together with the reproduction of Henry's experi-

HISTORY. o

ment, two imporiant points should be noted: Page points
out that the shock due to the " extra current " increases
when the rupture of the circuit is produced 1n a layer of
naptha covering the mercury. He observes also shocks
produced by touching the turns not traversed by the
primary current. Page produces penodical interruptions
by means of a copper star-wheel, which makes contact with
a mercury surface. Sturgeon tells us, in an explanatory
nole, that the secondary current is onbtained by placing two
coils side by side, their windings alwayvs having a point in
COMmon.

In the same volume of Sturgeon's ' Annals of Electricity
are found several interesting memoirs, one by Callan
(B. Xo. G), p. 293, rvlauing to the construction of electiro-
magnets in which iron 18 used to increase the effect of the
rupture.  Another note (B. Xo. 7), p. 477, refers to Henry's
expernments, and contams the descuption of a coill in-
temied for medical use. This coil, construcied according
to specifications by Sturgeon, had two circuits: the primary,
made up of 79 meters of heavy wire; and the secondary,
3035 meters of fine wire—the core was hollow 1o permit the
insertion of a bundle of iron wire. Fig. 125 in the same
volume, presents for the first time to our knowledge, a
coil which resembles in form. the classical model; it is a
honzontal cvlindncal col above which is placed a walking
beam operated by a connecting rod or a cam. The op-
posite end of the walking beam being provided with a rod
which plunges in a cup of mercurv. Fig. 127 in the same
volume shows a similar coil baving an interrupter in the
form of a toothed wheel which rubs against a spring; this
model was brought out by Bachhofiner. In these two
illustrations the secondary is terminated by handles; these
coils do not appear to be intended for the production of
sparks.

In 1540 there appeared a new memoir by Henrv (B No
S), where he reviews his former experiments., He studies
the discharge of a Levden jar in the primary, and observes
ihe clects produced in the secondary.
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10 INDUCTION COILS.

In all the preceding memoirs, there was never a question
of secondary sparks, and scarcely a word said of the
luminous effect obtained by the rupture, In the memoir
by Masson and Bréguet in 1841 (B. No. 9), for the first time
reference is made to spark discharpe. The interrupter
employed by these physicians was composed of five brass
toothed wheels; the notches between the teeth were filled
with blocks of wood (Masson wheel), one of the wheels pro-
duced the rupture, and the other collected the current.
The eoil, which was 23 cm. long and 22 em. in diameter,
contained two equal wires, each G50 meters long ; it charged
a condenser clectroscope, and obtained sparks from 2

“mm. to 20 mm, long in the electric egg. Masson and

Breguet note that, when the spark discharge occurs in
the secondary, an indication mav e given by an ordinary
galvanometer connected in the circuit.

We come now 1o the period of practical realization. and
are obliged, in order to respect all the rights, to vive two
versions: that of Page (B. No. 161, and that of Rulimkorff
(B. No. 19,)

We know the works of Page ¢mly through Du Moncel,
who was familiar with the pamphlet ** The History of In-
duction " oir description must, therefore, follow that of
Du Moncel.  In 1838, Page had constructed a coil having
an iron core in the form of a horseshoe, and a mMercury
interrupter operated by a hammer attracted by the iron
core itsell; the mercury was coverel with alcohol. The
sccondary current of this coil was of sufficient value to
charge a Levden jar.  The secondary spark is said 1o have
attained 1.57 millimeter {'% of an tuch), From 154:2-50,
Page tells us that coils giving long sparks were constructied
in America; some constructed before 1546 had Hne wires
several miles long (1609 meters), and giving from 2.5 to
12.5-millimeter sparks,  Finally, in 1550, Page constructed
a large coil giving 2-cm. sparks with a sudden rupture of
the pnmary. This resull seems indecd extraordinary,
masmuch as the use of the condenser was as vet unknown
The pamphlet by Page also makes a statement that the

HISTORY. i

interrupter known by the name of _ Neef,” was t.]ue\.u‘:
Professor MacGauley of Du'r:-li:'nf{"l{H..—:;}l. and that it wa:
. r Wagner, a fnend of Necl. _
* :f:':‘t:iiﬂd:}d} Ru]?i:n!-:urf[ commence ta work on the ifnd uction
coil. and when did he construct the first one? A hlugrﬂp:}'
of Ruhmkorfi (B. No. 85}, published in 1903, says that e
commenced his work n 1843, and that a n.ml i?egunl in
1948 was not yet finished in 1851, Dumas "Il‘H his :mf,:le
for the Volta prize (B. No. 15), 1864, says: . From 1551,
Ruhmkorff devoted himself to the construction anc} ruzfl;
feetion of this apparatus.” Finally, Ruhrnkurﬂ: h!llTlfli-lL'H
(B. No. 19) says: " In 1851 T constructed an Ifld'l.lfhﬂn cotl.
From 1850 to 1560 was a period of great 1II‘I'I|PI'{.'r‘|r"I.'!l:I]EI'l[5+
In i853 (B. No. 10), Fizeau made a gl-ruat. unpm\r::mcfu..
1he use of the condenser between the mterrupter mnm-..t
points; it was an improvement based upon an exact
knowledge of the problem to be solved. Hls_ memoir is
written in a very clear style, a remarkable lhlf]H for t.].n:;
epoch. Sinsteden having charged Leyden jars : W u;
secondary current before this, some authors have atin mnw.1
to him the discovery of the use “_'f .:-nmirrns.ers_. cn‘nm;m.;.
across the primary spark-gap. Thisis a 1'm:iusw_:ln. the use
of condensers in the primary and secondary he:n‘:;_ for en-
tirelv different purposes. The improvement by ]:'nr.j.:au in-
frcn;:f.d the spark in {ree air to about 0.U2 cm, (B, Ko, 17},
3 .-:'.s soon as the secondary em.f. was increased, the insu-
lation had to be improved, and in 1552, 1__1:1 Moncel 5:1}'5:
(B. No. 20) p. 214, that Edw. and {'.Ela.q._ Bright L‘ICII!I.!-'-T ru-:[u.--,_.
o coil in short sections separated by disks, This improve-
ment is more generally attributed to I-"u_Egend_u:rrﬂ'. whao de-
ceribed it very clearly in 1354 (B. ?'«-'-:,.l 1). ."l-"n e !a!_l-uu]d tii
that the English attributed the scs_-tr-m_:iimug of r-:u-].t. .
Siemens and Halske in Berlin, who exlnlited at :'!u: ILH].‘-L::!.-.
tion in London, 1531, a coil cunstnlri‘ml :}tcunhng 1o this
svstem (B. No, 29), p. 99, and (3. Ko, :-_:H_!. fh. ”- ;
" The sectionalizing is carried to exeess in the system
Ritchie, in Boston, 1557 (B. No. 20), p. 242, where cach
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clementary coil is a flat spiral, having for its thickness the
diameter of the wire itself: a great number of these sections
15 necessary to form a complete cail,

Another method of insulating these secondary turns was
mven in 1858 by an amateur, Jean (B. No. 14), who
succeeded in constructing a coil giving 20-cm. sparks, by
simply separating the lavers of wires from each other by
sheets of blotting paper. The coil was dried in an oven,
then placed in a plass vase which was filled with rosin after
vacuum had removed all traces of moisture. According
to Du Moncel, the coil constructed by Jean appears to have
astonished all those who saw it; it should be noted here that
there was great vanance in the publications of the epoch
as to the length of sparks obtained.

Foucault, in 1856 (B. No. 12), undertakes to connect
several coils together, so as to increase the sparks which he
savs scarcely exceeded from 8 to 10 millimeters at that time.
By connecting four coils, the primaries in series and the
secondaries likewise, he attained from 3 to 4-cm, sparks;
then he states that three months later he obtained 7 1o
S-cm. sparks. The following year, 1857, (B. No. 13), in
descnbing a double mercury interrupter, Foucault said that
the coils give sparks up to 20 cm. long. The German
article already referred to (B. No. 5), savs that Rhumborii
exhibited in 1855, in Paris, a coil giving 40-cm, sparks,
Furthermore, it was not until 1859 that an American coil
was seen in Europe (B. No. 17, p. 33). this was constructed
by Ritchie, and pave sparks 35 em. long. All these con-
tradictions render it dithicult to grasp the role played by
cach of the early constructors, L I

Poggendorfl said, in a memoir in 1855 (B. No. 11}, that
an mterrupter operated in rarefied air does not require the
use of the condenser, the interruptions being more sudden,
but the contact surface changes very rapidly,

In 1856 and 1857, Foucault construcied a MEercury in-
terrupter (B, No. 1), ‘

From 1860 1o 18006, 1he induction eoil remained a lahora-
tory instrument, having no great practical interest; how-

HISTORY., 13

ever, we see the dawn of one of the great helds of applica-
tion when, in 18060, Lenoir utilized the spark from an in-
duction coil for igniting his gas motor., This period saw
the construction of some large coils, which marked the
progress mm construction.. In 1872 Ritchie constructed
a coll for Professor Morton (B. No. 18), giving sparks up
to 60 em. long. This coil weighed 112 kg., and the secondary
contained 71 kilometers of wire 0.18 millimeters in di-
ameter, and made up of about 145,000 turns.

In 1886, the English builder Apps (B. No. 22 and 23),
constructed a coil known by the name of its owner, Spottis-
woode. This conl (Fig. 7) gave sparks up to 1.05 meters

Fig. 1.

long, contains 450 kg, of wire, forming a total of 341.550
turms. The wire used was 0.38 millimeters in diameter in
the end sections, and 0.24 millimeters in diameter i the
middle. Two primaries were constructed; one which gave
sparks 1.05 meters long, weighed 41 kg, and contamned 1344
turns of wire,

Since this epoch, coils have rarely been constructed which
give such long sparks; nevertheless, at the Exposition of
1900 several were shown. The constructor who appears
to have best succeeded 1n this direction 158 Klinpelfuss of
Bale, whose large roils stand service well, These large
coils remain objects of curiosity, without great practical
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interest; in ordinary usage, sparks rarely exceed 60 em. in
length.

The discovery of Rontgen in 1896, gave an unawaited
immpetus to the construction of induction coils, and has pro-
duced very important modifications in the details, trans-
forming the old laboratory apparatus into an almost com-
mercial instrument. Wireless telegraphy came afterward,
extending the field of application; and finally the develop-
ment of the automobile has brought forward the construe-
tion of a considerable number of small coils for the ignition
of motors. The steps of progress during the last period
will be given as we proceed.

The last point to cite here is the discovery of the electro-
Iytic interrupter by Wehnelt in 1599 (B. No. 44); this in-
strument rests on a prnciple entirely different {rom those
used up to that time.

From the theoretical point of view, the first rational
study of the induction coil was made by Mouton {B. No. 21),
1876, then follows the intercsting mathematical work of
Colley (B, Xo, 25). The later works will be found in the
theoretical part and in the bibliography.

CHAPTER III.
THEORY —MECHANICAL INTERRUPTERS.

3. Mechanical interrupters.—Any variation in the value
of the current in one circuit causes the generation of an
em.f. in the same circuit and also in the adjacent circuit,
the value of which is proportional to the rate of vara-

.. al : :
tion, =, and a coefficient, the value of which depends upon

the character of the circuit.

The induction of the circuit upon itself is called self-
induction; the e.m.f., e,, produced is proportional to the
coefhicient of self-induction, L:

dl

r,=LL”

The induction of the circuit upon the adjacent circuit 13
called mutual induction: the emf. e, produced is pro-
portional to the coethcient of muiual induction, M

d1
£y == -\ -Il"-}

The e.m.fs. produced are such that the currents set up
by them tend to oppose the vanation of the primary cur-
rent; they obey Lenz's law, which 1s nothing but a corollary
of the law of the conservation of energy

The coefhicients of induction, A and L, are constants
only when the coils contain no iron or other magnetic
matenal, Il there is iron present, these coeflicients vary
with the flux density and the induced e.m.fs are propor-

3 |J1 L'Ifl
uonal to the vanation of Hux, - Fi instead of simply to

15
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the variatiom of the current. In the calculations which
follow, the effect of the iron will be neglected, except in
some special cases, and the coefficients of self-induction
will be taken as constants,

A division in the theory is caused by the different
phenomena produced by the employment of the mechanical
interrupter and electrolytic interrupter. The mechanical
interrupters will be considered first.

In developing the theory the schematic coil shown in
"Fig. 8 will be considered. The primary is connected to a
source of em.f., E. Let the total resistance of the primary
circuit- be R, and its coefficient of self-induction be L: and
let a condenser of capacity € be connected in parallel
with the interrupter, K. Let the secondary circuit have
a resistance, r, a coefhcient of self-induction, {, and a

Fic. R

capacity, ¢. The capacity 15 shown by the condenser con-
nected across the terminals. 1 and 2, and represents the
capacity of the secondary windings or of a condenser con-
nected in the circuit. Since the sparks which form at the
terminals, 1 and 2, and at the interrupter, K, cannot be
taken into account, they are neglected in the calculation.

The fundamental equations of the schematic coil shown
above are:

dl dr [0 £
RI+L T3 1;'Ifr“+-%._'— 5. (1)

wherein [ 15 the primary current (amperes)

Y “ seconddary * (% )
¢ “ % charge of the condenser (coulmmibs)
d i ) I_II I i

J"I-F'fd"' ','”'d*; +-E— = {J, (2)

THEORY—MECHANICAL INTERRUPTERS. 17

Equation (1) is for the primary and equation (2) s for
the secondary. The complete intepration of these equa-
tions has never been accomplished, but a certan number
of special cases have been studied; and we shall now ex-
amine the results of these.

Experience shows that the e.m.f. produced by closing the
circuit is very different from that produced by opening the
circuit; these two phases must be studied separately.

4. Closing the circuit.—The phenomena produced dunng
this phase are often neghgible, at least with mechanical
interrupters, and in any case the nigorous mathematical
treatment offers but little which is of interest. Neverthe-
less, in order to give an idea of the magnitude of the effects
produced, we will take a simple case, one in which the

secondary action, M 3—1-} 15 negligible; the equation (1)
then becomes:

dlf
RI+L ﬂ'_r'_:":' (3)

since, at the moment of closing. the eondenser is short eir-
cuited, which corresponds to an infinite capacity.  From
this equation the value of / in terms of time mayv be de-

duced
E L0,
—( I * ) (1)

wheremn ¢ 15 the base of the Napeman logarithms. The
curves, [,. I, and [, of Fig_ 9, represent the current as a
function of the time for different values of sell-induction 1in
the circust

The current, [, does not immedately follow Ohm's

E . .
— = [—not until the curve has become asvmptotic

' g 3

law

to a straight line whose ondinate 15 enqual 10 R Other
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things being equal, the establishment of this state requires
a longer time according as the time constant, i;: of the

arcuit is greater. The name time constant is given to this
factor because its dimension in the c.gs. svstem of units
is that of time; it is also possible to give a phyvsical meaning
to this expression: it is the time at the end of which the
current has attained 0.633 of the value at which it follows
Ohm’s law.

b e e e -
v
1 H
1 ;
H
. p— o e B e e - W
i
[ " ] H
' : E
. -
' - . . 2]
'
: ' oem & '
L] i L .
' ¥ I i
e T H i
L W L ; :
ML i ‘R - 2 &
b e ;s -‘:*r-__-_"__.___-...-_
i .-'F : - i
Fa B -
q i W 2F" -~
- L3 -
e e
L - =
e, i Lk
Foterr "‘E‘p o
F # gy W
# # & o
I , ﬂ—-
i II"" .
| L
L
LI
[
Foa o
¥
J{'
]l
Fuva, 11

By neglecting the action of the sccondary, it is alwavs
possilille 1o caleulate the ean fs, produced m the twea ""i.!l'~
cuits b the vanation of J durne the perien] of cstablish-
ment of the current.  We have seen that the value of Lthese

; Il

e.hfs. is represented e =21 amd =L d—';-, therefore, 1n
’ of o f -
the secondary

| - ke .

£n = .LF .I'I..”_,: L L L

SR

i

=
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and in the pnmary:
Rt

‘1 - _R ;ﬂ!ur £ = I {“]

These e.m.fs. are maxima for | = o]

¢’y = -1 E, )
i SR ()

Thev then decrease in value and become zero when
Ohm’s law comes into force, that is, when the current is
completely established; the form of the curves, ¢’;, %, and
e'*’. shown in Fig. 9, illustrate this.

Lo
- ~exlf
-.""l-._E
I- /\—1-_‘
L —
J-f
-
e

5. Opening the Circuit.—The opening of the circuit s
the most important phase for all coils. Expenments
show, and calculations prove, that this phase 1= much shorter
than that of closing; therefore the vanation in value of
the current. [, being much more rapid, much higher e.m.ts
are produced and sparks will jump across between the
secondary terminals or between the points where the break
15 T'IE."-IIE‘!".

We can only caleulate that which takes place when the
difference of potential, .. between the termmnals T and 2,
of the secondary. is ton low o produce sparks. Ar the
moment when the spark sirtkes across. the phenonwena
underpoes a very rapid change. there 15 a release of energy,
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then the phenomena continues, but with a greatly reduced
amplitude and it is often complicated by perturbations
caused by the spark itself,

The first important theoretical essay was written by

Fic. 11.

Prof. R. Colley and published in 1891 (B. No. 25). The
formulas given by Colley are too complex to be used in
practice, but we will draw interesting conclusions from them
as we proceed.  Let it suffice for the moment to say that

Fre 12,

Colley treats the primary circuit alone: the same circuit
with a condenser (Fig, 10); the secondary on short-circuit
and the secondary closed through a condenser (Figs. 11.
12 and 13). Expressed graphically these equations give
the curves of the primary current, [, and the secondary
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current, ¢, shown herewith. The equations themselves are
given in the bibhography (B. No. 25).

Three years later the author published a theorciical
essav (B. No. 28), which was greatly simplified by totally
neglecting the reaction of the secondary upon the primary,
that is, by solving equation (1) after eliminating the

di

factor, M Tl and considering the sccondary e.mf. as re-
dl : . ,

duced to _Md:' The solution of this equation (1) thus
e Tt
_ﬁ'}uh___h.

Fic. 13.

reduced. leads to a differential equation of the second order,
which has three solutions, according to the value of the
resistance, K, in the circuit; namely when,
» L
K- 4 -
< L
Assuming the values of R, L and C, which generally occur
in practice
L

F:"{-iE.
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and the current is expressed thus:

I = g, 6 ==t (msﬁ.r—;wsin ,-?:), (9]

L
F=NTE g%

which was found by Colley. The current is oscillatory and
damped (Fig. 10); its period of oscillation, T, is:

T e SR (10)
£ R
LC 41z

the damping coefficient is equal to a.

If the real known values of the coefficients, R, L and .
are substituted in equation (9}, it is seen that the value of
a 15 s0 small that it mav ve neglected for the first oscilla-
tion, and # reduces to

The equation (9) then becomes that of a simple alter-
nating current having a period

£ w2l e (m
and the current may be represented by

i |’|uu_1' CO5 - r lr-—- (12
-, MY

If. during the first oscillation, the current has the value
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given by equation (12), the generated e.m.fs. will be pro-
portional to:

a / 1 . 1
— — "rﬂlﬂr [ ——— I  —————
dt v LC v LC
: T . ] .
In the time, { = T they will attain their maximum
values,
1'_,,”. -]—__Z
v LC

it can then be said that these em.fs., ¢’, and e’,, which are
produced by breaking the circuit, approach the limits

i (13)
' ol S

i gl ,
Cy = \_{_r—'tmur- (14

which are in inver=e ratio to the perivds of oscillations, T.
and may also be wnitien,

3=

€, = _m}"” { maz {15
D

¢ - _?,_F, | AL

In the case of a ool with a closed magnetie cireuit, where
the pnimary and secondary eircuits are at equal distances
from the core and so placed that all the flux set up 1n me
will thread the other; the coefficients of self-induction may
be represented in the {ollowing manoer—representing the
number of primary tumms by », and the number of secondary
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turns by n, and a coefflicient which depends upon the di-
mensions of the coil by 4, Then:

L=An? (17)
= An2 (15) :
M=Anmn, (19)

When the magnetic circuit is open, and the two windings
are superposed nstecad of being interlaced, there will Lie
magmnetic leakage and a part of the flux set up by one cir-
cuit will not thread the other. In this case values must
be given to the cocflicient, A, which differ from those used
in equations (17). (18), (19); as first approximation we will
assume that these formulas are exact and we have,

M=yTT (20

This value substituted in (13) gives the formula developed
by Walter (B. No.-33).
n

" = N & fnar (21)

From equation (13) the following conclusions mav be
drawmn:

1. The secondary em.f. is proportivnal to the primary
current value at the moment of rupiture.

2. The secondary e.m.f. is inversely proportional to the
sqquare rool of the primary capacity,

The ratio of the primary and secondary e.m.fs,, ¢,” and

L

Ty, 15,
oy Af ‘{ / ",
L= R
that is,
3. The ratio of the e.m.fs. is equal to 1he ratio of trans-
formation of the coil.
This last conclusion will make it clear later, when the
practical values of the transformation ratio of coils are
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known, why it 15 necessary to take such great precautions
in insulating the primary circuit and the condenser.

G. The Complete Period.—In comparing the equations,
(7) and (8) with (13) and (14), we cee that at the closing
of the circuit, ¢,’ cannot be greater than E,* while at the
opemng of the circuit, ,%, may have a very high value-

5 _ ik “
[ R“I i

The ratio of the secondary e.m.fs. is the same,

aF_ % JE
e il - i i
= "R Ve

It is known that in practice R? is negligible in comparison

- . #

vy L P &y
with o therefore the ratios, -1~ = —%, have very large
. & "
i
values.

This comparison of ,” and ¢’ explains the well known
fact that a palvanometer, connected in the secondarv cir-
cuit of an induction coil, indicates a unidirectional current
as soon as a spark of sufficient leneth: strikes across the
secondary terminals, but rests at zero as long as the second
ary 15 on short-circuir,  In the first case the e.m.f. at closing
15 not sufficiently high 1o force a spark across the terminals,
the spark produced by opening the circuit is the onlv one
which strikes acrozss.  In the second case the two currents,

*The observiation of the current due o self-induction at the
moment of closing the dreuit is rendersd extremely diflienlt L
the fact that jis potentiz! can never excend that of the =oiree
In order to be alde 1o deteet it a voltue pile having an internal
resistance, r. which = great in compari=son w the ¢~ resistance, &,
must be wsed: or a non-nductive resistance ean be connected in
the circut, ender theze copditions the potential difference at 1the
coil termimals, measured with o volimeler, = equal o K oap the
beginming, and falls immediately to

K

E—-:
Har
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produced respectively by opening and closing the circuit,
can exist in the circuit.  The value of the current, i, pro-
duced in the secondary is

d!  di
(-Mu.,'u&-})_

r

T =

the quantity of electricity, which corresponds to the cur-
rent variation from 0 to [ or from / to 0, is

1 \ !
q “fllijl—r .'r_ / dl,

when the time interval, ¢, 15 long enough so that 1, = 1, =
0; this quantity is constant no matter what the wave-form
of the current may be, providing the resistance, r, is a con-
stant; this however can only be true when the secondary
15 entirely closed through metallic resqistances, and there are
no sparks or equivalent phenomena. The quantities of
electricity produced by opening and closing of the circuit
respectively are then equal in value and opposite in sign,
and when the current interruptions take place in rapid
succession their resultant action upon the galvanometer is
zero. Therefore the complete penod of an induction cosl,
which produces oscillatory discharges, is made up of the
period of closed primary circuit, during which the gen-
crated e.m.fs. cannot exceed E and JII E, and the period of
open primary circuit. The rupture takes time, but gen-
erally it represents only a fraction of the time lost.

The value of the e.m.fs. produced by the rupture of the
current depends upon the value of the current, [,, at the
moment of mupture; according to the length of the time the
arcuit 15 closed, [, approaches more or less the limuting
value

il bty

IIMII.I: i)
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In cases where the closed-circuit period is too short to
allow the current to attain its maximum value, [, must be
substituted for I_.,, in equations (%), (12}, (13), (14) and
(21).

When a spark strikes acruss the secondary terminals,
the quantity of electricity produced by closing the eireuit
can be sero, because at this moment the resistance, r,
may be considered infinite. This, however, is not true with
cathode tubes, the difference between the currents pro-
duced respectively by closing and opening the circuit is

—

carfacy ; eita?

i carrfacl I

|
I
I
4
i

still wvery grear. but nevertheless, in some cases it is
necessary Lo take measures to guard against the effect of
the current produced by closing the circuit.

v. Induction coil without condenser, secondary closed
through non-inductive resistance.—This case verv nearly
corresponds to that of coils used in e]ectrmhempeuticé,
The penod during which the current is established is
exactly like that discussed above m 6. At the moment of
rupture no calculation can be made. because the phenome-
non depends upon numerous actions which as yet are but
little understood. As soon as the primary circuit is
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ever, this is not the case, for experiment shows an in-
flexion, B, which depends upon the type of coil and the
sort of interrupter employed (B, No. 39).

The length of the observed spark-gap (striking distance)
should vary in inverse ratio with the square root of the
capacity, €, however, it is known that the gap is very short
for both zero values and very large values of capacity, and
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therefore there must be some particular value with which
the best results will be oltained,  The existence of this
critical value of capacity, which was known to all pract-
tioners, was put in evidence by the experiments of Mizuno
(B. No. 41).

The curves shown in Fig. 18, which represent a part of
Mizunn's experiments, show thm the entical value of
capacity vanes with the mutial, pnmary. current value, [

itk

=
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As soon as the critical value is passed, the curve follows
the theoretical law (13) quite closely; this has been proven
by Johnson (B. No. 70) and others.

The ratio of the e.m.fs. generated in the primary and
secondary respectively has been checked and wverified
(B. Nos, 28, 32, 39, 74, 84), but it presents an anomaly
which will be explained later.

Experiment shows that in the observed oscillations of the
primary current the logarithmic decrement, «. equation
(M), 15 always larger than the value obtained by calcula-
tion. Furthermore the ratio of the amplitudes of the first

Is

two semu-oscillations is generally much greater than that
of the following ones (Fig. 19)

These anomalies have the following causes: the primary
and secomdary sparks; the capacity of the secondary and
the presence of iron. These will now be examined separ-
ately and in detail

9, The Rupture or Break Spark.—The theory assumes
that no spark ts formed at the interrupters when the circust
15 broken, however this spark exists and varies in strength
with the length of the secondary spark—being a maxinum,
other things remaining equal, when there is no secondary
spark, ¢, when the secondary is open. Furthermore,
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the spark diminishes as the capacity of the condenser is in-
creased; at least this i1s true with interrupters which are
slow enough to permit a distinct separation of the closing
and the opening of the circuit,

Does the spark at the break behave like a variable or
constant resistance connected in parallel with the breaking
contacts? Arons (B. No. 34) tried to calculate the effect of a
resistance varying from K, to o, without taking the con-
denser into account, and Mizuno (B. No. 76) assumed a
constant resistance in parallel with the condenser; how-
ever neither of these hypotheses when worked out solved
the problem.

By considering the break-spark as a disruptive phenome-
non, i¢., of very short duration in comparison with the
period of oscillation of the pnmary current, it will be seen
that the phenomenon will become very easy to explain,
but, unfortunately, almost impossible to calculate.

In that which follows, the secondary reaction will be
neglected and it will be assumed that there is no damping
effect.

First, the distribution of energy in the coil will be con-
sidered.  As long as the pnmary is closed, the energy is
furnished by the source and the current is limited only by
the resistance of the circuit, One part of the energy is
dissipated in heat, while the other is stored in the circuit and
released when the circunt is broken. This latter, equal
L ;-:'“'I'I

9

. is all that eoncerns us, because it is that which

causes the sparks. If, as we have assumed, there is no
damping cfiect, the stored energy should be constant and,

)

as the kinetic energy, . diminishes, because of the dim-

3

mnution in the current which results from the oscillation,

the encrgy in the condenser should increase: we should
alwavs have

| 4 - {'r.’LLF_
L S

2 L}

3
-
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this equation is graphically represented in Fig-l 20. It is
seen that when the current, I, is zero, the total energy is
held in the condenser.

There is a known and constant ratio between the primary
and sccondary e.m.fs.; consequently, the curves which arc
discussed below represent either e.m.f. by a simple change
in the scale of the ordinates,

From the moment of rupture of the current, the e.m.{.
of self-induction, e, increases from zero, at first rapidly,

Fia. 20. Fic. 21.

then reaches a maximum for { = 41_ (Fig. 21). At the

moment of rupture the distance between the contact
mpnts 18, at first, zero. Now we know that for very
short distances the striking voltage 15 proportional to the
distance; therefore if the speed is such that the stnking
voltage, E,,. increases at a lower rate than ¢,. a spark will
form at the interrupter, start a small arc and thereby
prevent the rapid vanation of the current, [ according to
this hvpothesis, 1t 8 necessary, n onder o prevent the
rupture spark, to have the speed of the interrupter above

S BN
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a certain value, so that the line of striking voltage, E,,*,
is at least tangent to the curve, ¢, (Fig. 21). This is the
theory recently proposed by Ives (B. No. 81). This theory
is immediately destroved by the following objection: If
the initial current, /.., 8 increased, the curve, ¢, will
become ¢, and cut the line, E,,’, su that the result of in-
creasing the current without changing the speed of the
interrupter should be to diminish the length of the sec-
ondary spark,

Assuming now, that hne, E,,, instead of passing through
the origin, passes above it (Fig. 22), it is instantly seen

7 —\ 4%
: ! s

2, g

Fig. 22,

that, up to the time, t,, the e.m.f., €, 15 less than the
stnking voltage, E,,. The break-spark occurs at this instant :
it lags belind the geometrical rupture of the cireuit. I
the lines, E,, represent, to a convenient scale, the sec-
omdary stnking veltage, it is seen that the length of the
sparks cannot be greater than E.,*.  In fact, if the stnking
voltage of the secondary is E,,*, it is scen that it can not
be attained until the striking voltage of the interrupter
has been exceeded, the inmerrupter spark has, therefore,
already occurred and a part of the available engery been
dissipated.  In this case there could be no secondary
spark. The ordinates of the lines, E,, and E,,. represent-

ENTE T

ot T o

THEORY—MECHANICAL INTERRUPTERS. 38

ing the striking voltages may also be considered as repre-
senting the resistance to the sparks in the respective
circuits. This hypothesis furnishes the following results:
the spark is produced in the circuit where the relative
resistance 15 weaker.

This theory allows us to explain the critical capacity:
if we vary the capacity. C, alone, the calculated e .f.
will be represented by the curves, %, ¢,°, -... shown in
Fig. 23, the maximum amplitudes are inversely propor-
tional to the period of oscillation, according to equation
(15). 1f the curve of the striking voltage is represented
bv the straight line, £,,, the primary spark will occur at
the moment when the line, E,,, crosses the curve of ¢,;

Figc. 23

A
if the secondary spark requires a voltage less than r.‘.’.,,.

the spark will occur in such a manner that the maximum
e.m.[. available at the secondary terminals, 15 represented
by the curve, ¢, which is tangent to £, until it cutse,,
and decreases according to the theorcbical equation (13);
i.c., it passes through the vertices of the ¢, curves. The
similarity between the curve, ¢, and those 1n Fig. 18 should
be noted.

We must now complete the theory by considering that
which takes place when sparks are formed at the inter-
rupter. At this moment the condenser s charged with
all the energy lost in the coil, the spark suddenly dis-
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charges it,* the difference of potential becomes zero, and
we have the conditions as expressed by equation (1) and
df

Ewm RI4L —,
+1 3

or af 4
L F £ E-R1I:
t.e., the value of the c.m.f. of self-induction becomes negli-

gible in comparison with that which it had before. There-

Fic. 84,

fore we can say that the current, J, becomes constant for
an infinitely short time and that it starts {rom this value, I,,
to begin an oscillation of lesser amplitude (Fip. 24). The
em.f of self-induction increased to ¢,' and fell back to
zero to start again.

If the second part of the curve, ¢,, does not cut the line,

* In reality the discharge of the condenser is not instantaneons,
i escillatory, intermittent or domped, Dot the tetal duration
of the phenomenon is 5o short in comparizon with the oscillation
of the cwl that they may be neglected.
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E,,, there will be no spark at the interrupter and the
e.m.f. of self-induction will be generated according to the
theory and the secondary em.f. may attamn the value

Eymas = T Cymaz-

If e, meets the line, E,,. again another spark will be pro-
duced and another * shifting " point will occur in the
current curve, /. Thus it is possible that a number of
sparks be produced before the curve, ¢,, gets beyond the
line, E,,.

Regardless of the number of sparks formed at the

Fig. 25.

breaking comtacts, evervthing takes place as though the
initial current value, [,. was that at which the last spark
was produced, and not until this moment, {,, is passed can
the mathematical theorv be applied.

We can now understand how it 15 that an increase in
current value, lw,s. will increase the length of the sparks,
Let b (Fig. 25) be the curve of e.m.f. generated for a certain
current value and stnking voltage, £, the maximum of ]
5 ¢,’'. By increasing the current value the curve, a, 15
obtained. which meetz K, in ¢, ; the rupture spark is pro-
dured and the e.m.i. drops to zern, tn slart another os-
cillation, a’, the maximum amplitude of which 1 ¢,*, which
is greater than ¢,”. Thus, in spite of the rupture spark

w —_m sEmEmm S
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an e.mn.f. is produced which is greater than that in the
first case.

This theory which the writer proposed in 1900 (B. No. 67)
will serve us in that which follows,

10. Proof of the theory of the least resistance to the
spark.—The above theory requires that the rupture spark
should lag behind the mechanical rupture of the circuit.
Observation of this spark with an oscillating marror,
driven by the interrupter, shows that this is reall v the
case and that the amount of the lag varies with the co-
efficient of self-induction, the capacity and the current
value,

The ordinate at the origin of the curve, E,,, exists,
because the origin of the time, f, is taken at the moment
when the e.m. (. starts from zero, and not at the moment
when the mechanical rupture of the circuit oecurs. The
lag between these two phenomena can be explained by
several hypothuscs. The ones which seem the most
plausible are given below; they share perhaps equally in
the result.

At the moment of rupture the two contact points are
separated by an infinitely small distance; therefore at the
first instant there exists an infinite capacity between the
contacts which, however, is very rapidly reduced 1o zero,
This capacity created by the rupiure retards the e.m fs.,
which develop at the origin, slower than the theory wouli
indicate.

It is also possible to concede that the capacity of the
secondary causes the vanation in the difference of po-
tential not to follow the simple sine law and that Collev’s
furmula (8) (B. No. 251 is correct.  The curve of the dilfer
ence of ptential is the sum of the vsvillations, 1 and 2.
of the primary anid secondary (Fig. 26): the maximum of
dF g .,

77 18 not at the onigin; therefore the curve, . does not
meel the curve, /<, untl a moment later,

Finally, it is well known that the aciual theury requires
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that there be a minimum difference of potential at which
a spark can pass across the terminals; this minimum value
corresponds to the pressure necessarv to break down the
dielectric in contact with the terminals. Froem this it
results that the curve of stnking voltage does not pass
through the ongin.

Whatever the real cause of this lag of the ruplure spark
may be, the fact is, that it exists and must be taken into
account,

The existence of ** shifting ™" points in the primary, cur-
rent curves and the dips in the sccondary current curves

Fic. ™,

are clearly shown by the oscillograph. as given in Figs.
0, 31, and 35 It would occupy tow much space 1o Jis
cuss these experimental results at this point. This was
done in the periodicals (B, No. 84y

The oscillograph shows that the shifting "' points are
not very stable; they vary mwost often between ... and
zere. This is easily understood: the law of the sinking
voltage is not constant, it depends upon the form and
state of the comtart suriaces and s modified from one
instant to the nest h}' the corronding ¢ffect of the sparks

Still another proof of the exi<tence of these shittinge
poants lies i the following fact: it has been seen that the
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damping of the oscillations is regular only after the second
semi-oscillation.  If the curve drawn through the vertices
of the oscillation curve is prolonged it will always pass
through the “ shifting * point (Fig. 27). Moreover, ex-
periment shows that an increase in the primary capacity
which diminishes the e.m.f. of self-induction causes the
difference between the first semi-oscillation amd those
following to disappear (B. No. 84,

As would be expected the nature of the metals, com-
posing the contact point, has an influence upon the result.

Fic. 27.

Beattic has demonstrated experimentally (B. No. 71) that
the critical capacity was smaller with platinum contacts
than with other metals. Ives (B. No. 83) found that,
with a mercury interrupter, the critical capacity varied
according to the polarity of the mercury. These facts
are easily explained by the corrosion of the contact sur-
faces, which varies with the metal and the direction of
the current.

The theory leads us to the conclusion that the break
should be maile as rapidly as possible; Lord Rayleigh
showed that breaking the circuit by shooting a bullet

% -
Calh g
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through a wire made it possible to attain long secondary
sparks without a condenser in the primary (B, No. 79).
Practically the rapidity is limited. With mechanical inter-
rupters having solid contacts, the rapidity is limited by
the imperfection of the contacts; nevertheless much
progress has been made in obviating this difficulty. With
the mercury interrupters there is a limiting speed above
which there is no interruption, or at least the initial rapidity
of interruption attains a limit; which is probably due to
the fact that the column of mercury breaks by its own
weight.  This explains why mercury interrupters are less
well adapted to small coils than 1o large ones; the former
have a shorter period and require greater initial rapidity.

A paradoxical comsequence upon which our theory is
based, is that the spark at rupture cannot he avouled ;
the secondary spark is often longer and more regular
with a fat flaming spark at the point of rupture than when
the latter is less apparent. It is easily understood that
if several small sparks form at the interrupter, their
aspect is different from that of a single discharge of the
primary condenser: but, since the final result. i ¢., the
length of the secondary spark depends upon the value
of the current, I, at the moment of rupture of the last
spark, there exists no definite relation between the two
sparks.

The muluple primary spark shows that it could be
advantageous to increase the coefficient of self-induction
of the primary, all other things remaining equal, thus in-
creasing the capacity of the coil to store energy after
the discharge of the condenser. Since the proper increase
in the coefficient of self-induction cannot be calculated it
15 best 1o use a coil in which the primary contains an ad-
justable inductive reactance.

Il. The role of secondary capacity.—The secondarv
capacity is not situated at the secondary terminals: it is
distnibuted. in a more or less regular manner, throughout
the entire secondary circuit. The capacity of the sec-
ondary circuit varies with the form of the winding.

o
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Fig. 28 represents schematically the section of a coil:
the little circles represent the section of the wires, and the
arrows show the direction of the em.fs. [t is evident
that there exists between the points, a and b, an e.m.f.:
the value of which is great or small according as there
are many or few turns of wire connected between the two

points.
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If in each turn there 15 generated an em (., e, and if
we consider two consecutive layers, each formed of N
turns, the Jdilference of potential between two turns which
are adjacert but belong to different layers is

T

wherein # 15 the number of turns counting from the point
of junction of the two layers to the turn in question;
the quantity of electneily stored is

N

fne:_!lhiu = N?rp.

=]

wherein ¢ 15 the capacity whwh exists between each turn
and the corresponding turn of the other layer.

Assume that the same number of turns, 2.\, are dis-
cributed in 2 layers, cach double layer would sture

Noice

m

- F-.!.""_f_.

b
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and the whole would store m times that, or

ANce

¥

The difference of potential, or em.f., at the secondary
termminals in bath cases would be

2Ne.

The apparent capacities are respectively

ﬂﬂ --|—|
2’

Ne Ne
2
that is, the svstem with 2 m layers would give m-times
less capacity,

The winding shown at A (Fig. 28) is made in lavers,
while the one shown at B 15 made in sections. [t should
be noted that in the Jatter winding it is necessary to add
to the capacity as found above, that which exists be-
tween the adjacent sections. The real value and caleu-
lation of the secondary capacity is one of the most ob-
sture points in the theoryv; the demonstration given abeve
15 simply 4 crude approximation.®

Whatever the distribution of the capacity of the second-
ary windling mayv be, 1t 15 not alwavs negligible; to it are
due the electncal oscillations observed by Mouton (B, No. 2)
in a coil uzing no condenser in the primary circuit. It is
also to the capacity of the secondary winding that the
oscillations in the primary are due when the secondaryv
winding is short-circuited, since otherwise the enerpy

*The turns situated in the interior of the winding should not
take anv charge. Twcause Lhe quuntitics of electrcity with which
the peiphlbonng turns become charged through electrostatic in-
duction are vqual and oppixite in sign.  The turns upon the ex-
terior surface of the winding nit bemng completely surrounded be-
come chiarpesd 1o a greater or less degree. Therefore, it seoms
that the capacity of a coil is simply that of the turns which form
the extenor sariace
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dissipated in the secondary would completely damp the
primary oscillations.

What is the capacity of the secondary and within what
limits should it be reckoned with? Opinions on this
subject differ greatly: Walter (B, No. 43) estimates the
capacity of his coil as 1.1x10"* microfarads, and according
to Oberbeck the capacity of the same coil would be 450x10-*
microfarads, .

The value given by Walter appears to be nearer to the
true capacity of the secondary winding for ordinary coils,
If the first value is assumed to be correct, it is seen that
the duration of the sccondary oscillation is much shorter
than that of the primary; therefore, as first approximation,
this capacity can be neglected.

e

Fic. 20,

One of the most probable effects of the capacity of the
secondary winding is o cause phase differences between
different parts of the circuit: this effect, which should not
be confused with stationary waves of which we will speak
farther on, may diminish the e.m.f between the sec-
ondary terminals (B, No, 82).

When capacity is connected to the secondary terminals
a change 1s produced in the operating characteristics; the
predominance of secondary oscillations is quickly obtained
and we enter the case covered by the equations of Colley—
the superposition of short primary oscillations upon the
longer secondary oscillations (Fig, 29). The secondary
osvillations are less damped than those of the primary,
and do not entirely die out during the interval that the

ol oy il
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circuit is open; they have sufficient amplitude, at the
moment of the next " make ™, to produce an em.f. in
tve primary, which sometimes can produce a large nega-
tive value of current (Fig. 30). If the open-circuit lasts
long enough, this action disappears, but the rapacity of
the secondary winding causes other primary oscillations,

which do not always change the sign of the current (Fig. 31).

Ly

o T o 1

12. Resonance.—Resonance has often heen invoked to
explain the optimum capacity and certain obscure phe-
nomena; does it exist and under what circumstances
should we have recourse to it?

Resonance as ordinarilv looked at does not exist: in
fact. considering a resunant circuit, consisting of an in-

A

[ o THEE | [

ductive reactance and condensive reactance connected to
an alternator, it 1s seen that the current in the circuit
and em.f, across the condenser have small values s0 long
as resonance is not attained : on the other hand, when the
resonance 15 perfect the current value becomes a maximum
and the em. across the condenser may greatly exceed

T
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that of the alternator; if the power absorbed is measured
it will alsa be found W be a maximum al this moment.

With an induction coil the phenomenon is different: it
should be borne in mind that the intercsting phase is tnat
of the " break "; at this moment there s no complete
connection with the primary source, the available energy
is limited to -%3. which is stored in the magnetic field at
the moment of rupture. Therefore, no matter what hap-
pens, the resonance cannot increase the power demanded
of the source; one of the most important factors of the
phenomenon disappears; of course, the two phases, make
and " break ", are consudered as distinctly separate and
without eflect one upon the aother.

A comparison between the induction coil and the tuning-
fork immediately sugueesis itself; both, alter having been
put in vibration, f.e. after having received a certain
quantity of energy arc abandoned to themselves, Tt 15
well known that a tuning-fork will cause a resonator to
vibrate, the better the attunement the stronger the res-
onant vibrations; as soon as the attuncinent s not attained
the resonator becomes silent. Is an analogous effect ob-
tained with induction cmls? That whielh we know of the
mathematical theory emonstrates the contrary. In
fact, taking equations (5) of Colley (B. Nou. 25), and as-
suming a negligible Jdamping of the ovscillations, it is
seen that the secondary e.m.f., E,, decreases constantly
when the secondary capacity. ¢, is mmereased. For ¢ = 0,
T

F P e \‘II =

LC
; L]

Resonance exists when ¢ =

By o § e N % 4 \J lT

L]

Beiia i

.I'\F-F"

T

opr

»
all &

THEORY—MECHANICAL INTERRUPTERS. 47

When €, is very large compared with L—"Lﬂl,
2

L.
E]- IHGIJE:-

The formulas of Colley appear here to be incorrect,
because considering the total available encrgy, it should
Lo s . o
always be %; the equations for the two limits, €, =
0 and €, = oo, agree with this assumption, but for the
condition of resonance

E:-E!! . L I-r:rt:_.

g
AR T

This discrepancy comes from the fact that Colley, like
everv one else, has neglected a certain number of factors
in order to avowd unnecessary complication in the formulas,
but the result shows that one should not generalize re-
sults without careful consideration.

I. neglecuing the ' K losses, the energy stored in the
magnetic field is taken as a base for the calculations

EE-“! .l_f__h1= - 'E;j"':‘.':
= o & 7

from which

For the condition of resonance

£, = Llmat
Va2 LG

? F
E, = 1 lwd
v2LC
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The equations for the limits, ¢ = 0 and ¢ = o heing, the
same as the ones found above, *

The law of the variation of E, with the secondary ca-
pacity is shown in Fig. 32 for both hypotheses: it is scen
tl.'l.ﬂl ‘resonance cannot ncrease the secondiry em.f.
Nevertheless, experiments show that it is poss'ble to in-
crease the length of the spark. when a large capacity is
aﬂt_:lcd to the secondary and the primary condenser is
adjusted to be in the neighborhood of resonance: € I —
c¢l. This pseudo-resonance may be approximately ex-
plained by the theory of less resistance to the spark. When
the secondary capacity is not negligible, it has been seen
that the e.m.fs. of induction are the sum of two functions
of different periods. the oscillations in the secondary
ce.m.l. curve (Fig. 26) have more chances of meeting the
curve of striking voliage, E,,, than the simple curve, |
which is obtained with resonance.

It can be assumed that a col, in which the two circuits
are %n resonance, i1s the seat of stationary waves with a
maximum pressure at the extremities and a maximum

*It is possible (o prove that the ratio of the em.fs at the
lt-r:.-mnai-.a of the two capacities is constant, when there |= .m:. mag-
netic leakage.  In fact. neglecting the em { of the source and the
resistance of the eircuits, we can write

1
E, ! s -,l,,rd_’_ - dE,
de o de dr’
di . dl dE
E 4-1—-....1_ - . ___;
- di Id‘:' - % .1‘;?‘

from which

!f E illli‘-iI l:fl'
andif M [L ]
g
T

The ratio is the efure ¢qual to the ratio of transformation.
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current at the middle. It is possible that the value of
the current mayv not be the same in all parts of the sec-
ondary circuat, but there is little probability that nodes
and antinodes comparable to those observed in Hertzian
waves, could be detected. The problem i1s dilerent: In
each turn of the coil there are superposed two em.fs.
one is about the same for all turns, produced by the ac-

: : : : dl :
tion of the primary, is proportional to 5% the other is

due to the passage of the wave; it is probable that the
e.m.f. of mutval induction frequently overshadows the
latter, because it is very difficult to observe a well deflined

L& =

Fic. 32.

variation in the value of the current along the secondary
circuit, as long as there are no very high frequency oscilla-
tions; in this latter case resonance of the primary and
secondary can no longer be attained.

13. The effect of the core.—Up to this point we have
considered only coils without iron cores.  Although it is
impossible to represent the action ol the wron by adding
terms to the general equations, there 15 no doubt as to
the importance of this action, and 1t 1s necessary to form an
idea of its character and effects.

It 15 sard that the iron core increases the power of the
coll as in commercial transformers.  There 15 however an
important difierence between the two. While in the or
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ﬂmar_}r transformer, the iron, by virtue of its permeability
permits the absorption of more energy from the source Ilm;
lhf.- delivery of more to the SL"[‘HJIL]..'-]T'L',‘ in the induction
_c‘ual. which is a sort of a ** deferred ™ lr;irlﬁfclrmqr.“ because
1 ::‘.ur-:sl energy during the period when the circuit is close ]
ok 1 T.EIH'CI"E it later when the ** break ™ occurs, the h}rg...
leresis plays an important role. 1f the magnetic circuit
15 completely clused, the total useful energy is independent
of the irun, it increases when the I'l!;i_!.!ntl:ii.:' }:irruit 15 opened
:1Iml afterward decreases: that 15, there is a certain Propor-
ton between iron and air-gap whivh gives a maximum
useful effect. This fact, which has lng been knnw.n wis
explained by Lord Rayleigh (B. No. 79). e

The theory of Lord Rayleigh is as follows: Consi ler a
s‘mall straight bar of iron placed in o uniform m'1-l1lu:l:*
held, 3{!‘ the magnetization of this bar |rm,l;_1r:1-5‘ t i:;;
extremities magnetic masses, which vreate a fickl |I11.-1 15
opposed to X' If the demagnetizating [actor is -ic-ul-l:w:[
it 4. the intensitv of magnetization as 3, the ‘.u}: n:
field is 4 3, and we have - e

o= X' =43

that is, the bar i< acteg upon by an etiective fielld, 3¢, 1he
'm'.'ﬂ-m_'- of whacly is less the ereater J. 1 s I'um-l:inll ”'- 'hL-
ratn of the dhameter of the bar t is length, It s -.-.‘-:-;r
known that the viergy stored in the ﬁlr]‘d J{'" -Eur'n‘
magnetization is Propotional to . | e

H‘x_-.f:h-nj:i =f KL d fﬁdn'

if the evele s cennplete, the 1:~r111.f1 o 3, represents the

e L 1 ' a- .
nergy absorbed by hvsieresis, therefore there remains as

available only
Jf.‘m’n. .,_J:_.

*The " make ™ and - "
_ - i the break are alwavs i
distinerly separate phenomena, vé considered as

THEORY—MECHANICAL INTERRUPTERS 5l

Consequently, the available energy increases, other
things being the same, with the value of the demagnetizing
factor, that is, when the ratio of the diameter to the

length increases.*
If the core is straight or the magnetic circuit is not

completely closed, there will be magnetic leakage and we
have
M <LL

Lord Ravleigh explained (B. No. 79) how magnetic leak-
age causes losses of energy; we can show this loss in a

different manner.
There are only two cases where the energy in the coil

* ]t is possible, by applying the theory to iwo caleulable cases,
to show that there is a proportion of air-gap and iron in the mag-
netic circuit which gives a maximum uscful effect. The vanation

of energy in a coil carrving a current, [, is
dW = Idd,

¢ being the total flux through the coil,
¢ =@AN.

- = =y

Fic. 3.

The enil having & turns of arca A and its length being I, the
magnetizing foree, 3" is
7 4x N7

-

!
If the conl 15 sutficiently long,

dil —-?—_f,]{'{d':l-l.'_‘-:l::dm.

Now considening a magnetic circuit almost clozed (Fig. a3},

T
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15 well utihzed, namely: When the secondary circuit is
closed through a resistance capable of absorbing much
energy; or when there 15 a very large capacity between
the secondary terminals. In the first case the calculation
of the energy 1s difficult, but in the seccond it is casy enough.
It is known, from the equations of Colley, that the max-
imum sccondary e.m.f., neglecting the resistance of the
circuit, is

- M lmar.

€ ——
. ";"'rf "

the energy stored in the secondary is

denoting the air-gap as I, and the length of the iron circuit as [,
assume a uniform flux throughout and apyly the elassic equation for
the magnetic circuit

!
“ﬂll'pfnrm_& --.L—+-.E)
[ |

recalling that
we¢ have

. AL L, b [
dW = = (fi-a-)xdﬁnuxrr 3-d;]-+in(-'—§,§5-).]{'d:l
#a ' L1 i

{
+4x—"3d .']E]
I
For the reason indicated above, the factors, 43 and 34 X
should dizappear and we have, simplifving,
Aly Pl (p? -2 g42)

W

S = (i ped,)?

It 15 zeen immediately that if 1he magnetic cifcult were com-
pletely closed, [, = 0

i

which is the same a< if there were no iron in the circuit.  On the
contrary, if the ratio of I; to [, is equal 10 the permeability g,

THEORY—MECHANICAL INTERRUPTERS. 53

kg
and, if we assume L > L

ey’ L Lnas®

therefore th: energy absorbed is less than that available
mm the sccondary.

The theory takes into account the damping of the
oscillations, by the resistance of the circuits; expenment
shows that the damping effect is always much greater than
the theory would call for; there is, therefore, another
source of loss.

Study of the oscillations reveals that, the initial ampli-
tude being the same, the rato of two consecutive oscilla-

the available energy is a maximum and e¢qual to
Aly
Al
B 4

In order to compare a straight core with a closed magnetic
circuit, it suflices to recall that the effective field s

W

X=xX"-43
X=X -0 =

i

in the closed magnetic circuit.  The two svstems are the same when

J i= approximately equal to ?:; therefore we must have simply

#n

4 =4 :E’ﬂ - l‘—'
{ B

Experiments show that in cores of coils the permeability. g, 15
generally about 30, 4 would be 0.25, which according 1o what 1s
known of demagnetizing factors, corresponds to a length equal
to about ten times the diameter of the core,

The calculation is evidently very approximate, peneral conclu-
sions should not be drawn from it, Iecause it must be remembered
that it rests on the assumption that there is no hysieresis and
contains numergus simplitications.
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tions, with exception of the first, is independent of the
duration of the oscillation: the loss is, therefore, due to
a cyche phenomenon, independent of time, and it is
natural to attribute it to the action of the iron,

The action of the iron also makes itsell {clt when the
circwit 15 closed. The cocfiicient of self-induction of a

/’\

Fia. 34.

coil with an iron core is not constant; it isa function of
the value of the current (Fig. 34); it follows the permea-
bility of the iron in such a manner that, if the ‘iron is
saturated, the em.f. of sell-induction, which oppases the
establishment of current. descends quicker than would
be expected and a curve having a point of inflexion is

obtained; after saturation, the current value increases
more rapidly for a certain time, instead of following the
theoretical form; this is shown very clearly in Figs. 35,
36 and 37,

The variable permeability of the iron produces still
another elfect; the magneuzing action which is exercised
upon the wron, 1s the resultant of the action produced by

THEORY—MECHANICAL INTERRUPTERS. a5

the two circuits; so that, for a given value of primary
current. it is possible to obtain oscillations of different
lengths, according to whether there is or is not a current
in the secondary circuit. Figs. 31 and 37 show this
effect: during the period that the primary circuit is open,

/1

-

IFig. 36.

there are complex oscillations due to the primary and
secondary; the penod of these last is given by the lower

dé

curve which 1s proportional to T As soon as the pni-

mary 15 agan closed, these oscillations disappear because

_Nwiw— W

e P
N W
Fic. 37.

the conelenser 1s short-circuited ; there remains, therefore,
only those oscillations produced by the secondary in the
primary ; an examination of the curve of ** current growth ™
shows that these become immediately much more rapid;
the primary circuit makes a sort of a shield between the

= T

Rty

Sy
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sccomdary and the vore and the latter being scarcely
magnetized, the coeflivient of self-induction is greatly
reduced. The curve, f_i"_if. is nearly suppressed, even
though there exists in both circuits oscillations of great
amplitude; the cause of this is, that the oscillations in
the two circuits have a phase displacement of about 180°
and the ampere-turns acting upon the core are about
equal and opposite in sign.

14. Effect of the secondary discharge.—In order to
complete the study of the different elements of the prob-
lem, it is necessary to consider that which takes place
when there is a discharge in the secondary.  All discharges
dissipale energy, it can, therefore, be foreseen that the
current curves have turning points for the primary sparks
as well as for the sccondary sparks. Tests with the
oscillograph verify this supposition: generally the effect
of the secondary spark is to suppress primary oscillations.
Figs. 31 and 35 show the curve of the primary current
and that of the variation of the flux; in Fig. 35, the sec-
ondary capacity is negligible, The curve of rupture shows
very plainly two turning points—the first is due very
probaldy to the spark at the contacts and the second to
the discharge of the secomdary; the location of these two

A " d ¢ :
points can be found in the curve, ‘J%' In Fig. 31, the
same coil has its secondary circuit closed through a large

: . — :
capacity, from the curve, 7+ 1t 1S seen that the devel-

opment of the secondarv oscillation ie first arrested by
the spark at the interrupier contacts; then by the dis-
charge. The two sparks, Primary and secomiary, do not
occur at the same instant, therefore the ratio of c.m.fs.
0 which they' correspimul is not the ratie of transforma.
Luim.

This last result shows that one cannot relv absolutely
upon the accuracy of striking voltages determined with
the ail of an induction coil, when the e.m.{ measured in

THEORY—MECHANICAL INTERRITPTERS. 35

the primary is multiplied by the ratio of transformation.
If the secondary capacity is not negligible and there is
magnetic leakage, difference in phase between the two
currents will be produced and the ratio of transformation
will varv quite materiallv. In this manner the results
vblained by Klingelfuss (B. No. 74) can be explained.

p— - Y—--—-.r
Fic. 38

He found that the secondary striking voltage, for a given
distance increases with the primary current.  That which
increases in reality is the primary striking voltage, the onlv
one messured.

It can easily be shown (B. No. 84) that, for a constant

s

" l|"""-'l-"\-l|.|'

Fro 30

value of primary current, observed with the oscillograph,
the maximum em.d. in the prmany, also ohserved with
an oscillegraph, increases with the lenetly of the secondary
spark; this is shown by Figs. 38 to 41, which correspond
to sinking distances of 3 cm., 10 em, 20 em. and 30 em.,

respectively. It s seen that the maximum ordinate of

-
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the upper curve remains constant, while the lower curve,
which represents the e.m.f. across the primary terminals,

ol di
RI"‘.IL 'ﬁ"‘.“-’f l}_f'

increases with the length of the spark. The e.m.fs. meas-
ured on the oscillugram, are 277 volts, 330 volts, 425 volts

-

Rl kot ] F'_"“'r o

Fia. 40.

and 670 volts; the ratio of transformation being 155, and
the secondary capacity being negligible, the vorresponding
secomdary  striking  voltages between point and plate

1

would be 43.000 voliz, 51 .0040) volts, 6L voltis and

103,000 volts—which are well within permussible limits.
Another experiment can be made, which will show the

same results, but made in an inverse manner Leaving

L A AT i

i
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the length of the secondary spark-gap constant, and
varying the maximum value of the primary current with
the aid of a rheostat connected in the primary circuit,
it 15 scen that the primarv e.m.f., measured at the ter-
minals, remains constant, regardless of the value of the
primary current, providing a spark is produced in the sec-
ondary. This phenomenon is due only to the fact that
the two sparks are not formed simultaneously. It must
be shown from this that the maximum e.m.fs. in the two
circuits are limited by the two sparks: this is why it is
sometimes observed that when no secondary spark is
produced, the insulation in the primary or in the con-
denser is ruptured; it is also this which causes the diminu-
tion in sparking at the interrupter when the length of the
secondary spark is decreased.

Figs. 38 to 41 show also another phenomenon: The
duration of the secondarv current is inverscly proportional
to the length of the sparks. the maximum primary current
value being constant. This duration explains the rela
tive slowness of the demagnetization of the iron core
and explains certain irregularities in high-speed mechanical
interrupters, When the secondary circunt is short-cir
culed upon itselt, the retardation of the demagnetization
can be pushed so far as 10 force an interru pter, making
normally about 50 breaks per second, not to make more
than two or three breaks per second.

The different phenomena, which have just heen described,
(sparks. effect of iron. secondary capacity) complicate in a
singular manner, the theory of the induction coil and make
it, up to the present time. almost impossible to EXCL
from mathematical treatment more than goneral indica-
tion of the réle plaved by ecach factor when considered
separately.
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CHAPTER 1IV.
THEORY—ELECTROLYTIC INTERRUPTERS,

15. Experimental results.—The theory of electralviie
interrupters is still less known than that of mechanical
interrupters.  Before stating what is known, it is neces
sary to give a résumé of that which has been observed
concermng the rdle plaved by the vanous factors of the
phenomenon.

When two electronles. having very unequal areas, are
mmersed in acidulated water and connected to a source
of clectric energy, it is scen that, up to a certain value
of e.mf. (35 to 40 velis), the electralvie is simply decom-
posed | above thas value of em . the phenmnenon changes.
The clectrode, having the smaller area, becomes incan-
descent and can even melt if it is connected to the depa-
tive pole {cathoder; it heats less and beeomes a pink color
i comected to Lhe posinve pole (anode).  This phase of the
phenomenon 1s accompamied by a peculiar noise, which
koch and Willner, in 1582, showed to be due to interrup-
tion of the current.  Wehnelt (B, No. 44) first applied
this rdea to interrupiers for induction coils; he emploved
as amxie a platinum wire and as cathode a sheet of lead
(Fig. 42}, Some time afterwards Simon, in Germany
(B. No. 59) and Caldwell, in England (B. No. 61)
made the interrupter svmmetrnical by suppressing the
anele with the small superficial arca. The interrupter
in this form becomes reduced to two electrodes having
large superficial arcas and immersed in communicating
compartments connected together by a small hole, T,
shown mm Fig. 43,

Experments made with the Wehnelt interrupter showed
that the frequency of the interruptions, of which an idea
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could be obtained from the sound emitted by the interrupter
nself, or by the noise of the sparks, increases with the
voltage of the source. The frequency depends also upon
the direction of the current: it is greater when the small
electrode is anode than when it is cathode. Other things
being equal, the frequency is inversely proportional to
the resistance of the circuit, to its coefficient of self-induc-
tion and to the active surface of the electrode. The
presence of a secondary current also modifies the frequency,
which increases when the secondary is closed or when
very hot sparks are produced. When the temperature of
the solutfon (elecirvlvie) rises the frequency diminishes.

4

—

When the wave-form of the primary current through
an clectrolytic interrupter is observed, it is seen that it
does not resemble that obtained with mechanical inter-
rupters used with condensers; the break s made without
oscillations (B. No. 56). Oscillations appear as soon as a
condenser is connected in parallel with the electrolyvtic
mterrupter.  This observation shows that the capaciiy
due 1o polarization plavs no important rile in the phe-
noaena.

Fig. 44 indicates, from rheograph observations, the
vanatwon of the wave-form of the current when different
favtors are varied, Increasing the surfzee of the anode
raises the current value at which interruption takes place,
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and, at the same time the interruptions are less frequent
(sce a and b in Fig. 44). The surface of the anode ro-
maining the same, a resistance introduced into the circuit
diminishes the frequency, but does not aflect the max-
imum current value, /e, providing the total resistance be

less than j'i (see b and ¢ in Fig. 44). Anincrease in the
[ rad g

coefficient of self-induction produces about the same effect
As an increase in resistance; it decreases the frequency and
changes slightly the form of the wave (sce g and J in Fig. 44),
In fact the time lost between break and make is so short that
the secondary current, when sparks are produced, assists
the establishment of the primary current. Without
secondary discharges, it 15 seen that the current curve has
an almost constant rate of mcrease (d); with white sparks,

w0 mmp mm

Fie. 44 —a, small ancde: b, larger anode; . with resistance in the
circmt; &, no sparks. ¢, whine sparckss J. bt qurks, g, coil alone:
h with mductive reactance.

te., with slight discharee, the primary current increascs
rapidly at first and relatively very sluwly afterwards (v);
finally, if the sparks arc very hot, or if the sccondary is
short-circuited, the rate of increase is so rapud that the rup-
tuning value is soon reached and the frequency of the
micrruptions increased (f). The effect of the secondary
current is so marked that a periodic variation of soumnd
when the spark is hot encugh to extinouish itself by the
current of air which it produces, can be observed: the
note emitted is noticcably lowered each time that a hot
spark is thus broken amil gives place to a white spark; this
phenomenon has been phatographed with an oscillograph
and 15 shown in Fig. 45 (B. No. 84).

A very interesting fact is noted from examination of
this oscillogram; namely, the current is not always inter-
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rupted; in fact, the greater the frequency the less the
current value approaches zero. The very peaked crests
in this case (Fig. 45) are due to the small resistance of
the primary circuit. Fig. 46 shows the effect of adding
resistance; the wave-form in this case is more like the onps
shown in Fig. 44; the frequency is about 330 interruptions
per second.

The mean value of current depends directly upon the

Fic. 45.

surface of the active electrade; it is nearly independent
of the voltage of the source, of the resistance and the
cocfficient of sclf-induction of the cirewit. It can be
assumed as given by Wehnelt (B, No. 44), that the current
density is about 0.4 ampere per square millimeter of anode
surface.

Two factors affect the mean value of the current. namuly,
the temperature of the solution and the value of the see-
ondary current. When the temperature rises the miean

N VYWYV VWi

Fic. 4.

current value decreases: at about 902 cent., an anode
having four or five times the surface must be used in
ordéer to obtain the same mean current value as that
obtained at ordinary temperatures. The efiect of the
secondary current s twolold; it affects the wave-form
and the maximum valve (Fig. 43).

16. Phases of the phenomenon.— The phenomena whick
are produced in the Wehnelt interrupter are complex

——
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However, it is possible to distinpuish three phases, accord-
ing to the respective values of the different factors. At
low voltage and at room temperature, the active electrode
being the anode, a simple electrolysis of the solution is
produced.

Increasing the em.f, E, interruptions commence, the
formation of bubbles at the anode is more violent and the
current value increases.  The more the e.m.f. is increased
the more marked these phenomena and the greater the
frequency.

Above a certain value, the phenomena change. The
platinum becomes red and the current value decreases:
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the interruptions cease. When this limit 1s attained, 1t
is possible to recstablish the second Phase by increasing
the coefficient of seli-induction of the circuit (B. No. 64:.

Bary has studied the limits of these * phases "' by
varying the self-induction and the voltage; the results
which he obtained (B. No. 51) are summarized in Fig. 47.
The logarithms of the coefficients of self-induction are
plotted as ordinates and the voltages as abscissas: the
three phases are represented by different points, and the
heavy broken line indicates the boundary between the
Wehnelt phenomenon (24 phase) and tfm two others.
This bruken line is approximated by a smooth curve,
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which represents the probable form of the boundary curve.
The three " phases " are clearly scparated in the figure,
and it is easy to understand the experiment of Corbino
(B, No. 64), who produces the second phase by introducing
a bundle of ron wire into the core of a coil carryving the
primary current.

The temperature of the electrolyte plays an important
réle in these phenomena; when it rises the boundary line
lowers. At ordinary room temperature the second phase is
obtained—the only one that is useful for induction coils,
between 30 or 40 and 150 volts, according to the value of
the coefficient of self-induction. When the temperature of
the electrolyte attains 90° cent., the interruptions begin
at about 10 or 12 volts, but it 15 impossible to run steadily
at 100 volts. At remperatures above 102° cent., the dilute
sulphuric acid bols, the interruptions become very irrezular,
and it 15 almost impossible to maintain operation with
e.m.fs. above 30 or 40 volts.

The effect of pressure is equally marked. When the
pressurc is very low, the interruptions become slower and
they may cease altogether (B. No. 52): under 60 mm. of
mercury, the * lost time ™ increased ; on the other hand,
above atmosphenic pressure (2 kg. per sq. cm., for instance),
there 15 no lust ume. For very high pressures. the phe-
NUMEnon ceases. in the same way as for very low pressures.

When the direction of the current s reversed, 1o when
the active electrode becomes cathode. the interreprions
become less frequent and less sudden, the length o the
secondary spatks much less and 1t becomes reduced 10 such
an extent that the Wehnelt mterrupter can be used 10 sup-
press one-half of an alternating-current wave, thus piving a
discharge alwavs in the same direction.

The acuve clectrode, when observed with a spectro-
scope, gives a difierent spectrum depending on whether
i 15 anmeele or cathode. T the first case (ansder the
mnkish hight which 1t emne 15 dewcompesed into brilliant
ravs, among whih that of hvdregen = prominent. 1 the
second case (vathode) the hght s brighter and whiter and
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there is the incandescence of platinum, the spectrum s
continuous;, the temperature is really higher, since the
platinum often melts.

17. Elements of the theory.—The preceding expenmenta
facts permit the formation of an approximate idea of the
phenomena.  There exists, between the active electrode
and the electrolyte, a relatively high resistance; the cur-
rent produces, at this point an amount of heat sufficient
to vaponze the layer of solution; the steam forms an jn-
sulating envelope around the clectrode and mterrupts the
current. At this moment, the rapid change in the cur-
rent value produces an e.m.f. of self-induction. that is
high cnough to rupture the layer of vapor; it is this spark
that- gives the pinkish color to the light emitted by the
anode; when the sell-induction is too small, the pink color
disappears. The envelope of vapor being destroved, by a
process as vet little understood, the solution regains con-
tact with the electrode and the current is recstablished,

The nature of the resistance between the anode and
the electrolyvie is not known, Gaguidre (B. No, 89) at-
tributes it to the pas bubbles released by the clectrolysis
of the solution. If it is assumed that this release of
bubbles is uniform, the electrode is surrounded by a laver
of small and equal bubbles: and if it is further assumed
that a surface concentric with the electrode cuts these
bubbles in their long diameter, on this surface the con-
ducting scction is evident] ¥ very much reduced, the
electrolyvte becomes more heated than in other places and
produces vaporization. According to this hypothesis the
rupture would take place between two lavers of electrolyte
and not between the liquid and the anode; the platinum
- would not participate in the luminous phenomenon and
its temperature would not rise above that of the boiling
liquid. This hvpothesis doecs not explamn the dissvmmetry
of the Wehnelt interrupter, and it indicates that the
current density at which the rupture 15 produced should
vary with the diameter of the platinum wire, since the
phenomenon takes place in a layer concentric with it,
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and, consequently of larper diameter. It will be neces-
sary to venfy this deduction since it is contrary to all that
we know up to the present writing.

The resistance, K, between the electrode and the elec-
trolyte, 15 variable; it is a function of the arca of surface,
A, ;:ri the electrode, of the current value, [/, of the tem-
perature, f, and the time, [,

It
= b ——). 1)
The value of the primary cyrrent, at any instant, is
T LML
/ -:EI'II = _d! @)
T TR¥R, 2

R being the resistance of the constant part of the circuit,
In order to form the vapor. a certain quantity of heat
corresponding to the energy. 1V, must be liberated:

T

I = J‘.ﬁ', *d i 1)

The time T, at the end of which the rup:_un_: 1..,..;-.-;‘.175' di-
pends therefore, upon the resistance, R,. I is difficult to
say exactly how K, varies before the rupture; neglecting
the reaction of the secondarv,

Examination of current curves shows that K, increases
and dimmmshes as a function of time: it 5. therefore,

i
difficult to calculate 7 and :};

The difficulty is again increased by T,. in fact, the
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variation is so rapid that it is impossible to draw any
certain conclusions from the oscillograph curves concern-
mg the variation of R,.

In absence of more accurate information, it is possible
to draw some interesting conclusions from the cquations,
Neglecting the reaction of the sccondary current, it is seen
that the e.m.{. generated in the circuit,

pe— g_;%[E—(R,+R)?]. (5)

is pmpl:':rtinnal to the ratio of transformation of the coil;
therefore, within certain well defined limits, it is advan-
tageous to decrease the number of primary turns; this is
verified by experiment.  On the other hand, the diminution
of L by changing the iron core, is uscless, since M dimin-
ishes at the same time and the ratio remains constant

It has been noted that the lost time in an electrolvtic
mterrupter is very short.  Simon (B. No. 58) l:i:rn.-'-il.-ﬂl.:rs
it as constant; he also assumes the resistance, R,. to be
constant and then calculates the time required to produce
the heat necessary for the formation of the envelope of
steam. This ~aleulation leads him to give as the com-
plete period of the interrupter,

?L = .'I R ET?. Hi_.

This formula. which has been verified by Ruhmer
(B. No. 63), has been questioned by others: it does not
seem o be susceptible of general apphication, since the
vscillograph shows that the resistance, R, is vanable anl
rarely the same in two successive interruptions. Tt muss
also be remembered that £ must remain within rather
narrow limits in order to maintain the ** second phase ™
of the phenomenn,

From equation (1 we have

ol ! K —(R,+K 1 M di

J1 L L dr

o i
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which shows the influence of the secondary current. 4,
upon the establishment of the primary current; if ¢ 15 at

. o M di
this instant decreasing in value, the factor, T l—;-:. has the

same sign as E, Cﬂnseﬂuentlyg-: 15 greater than if £ worked

alone.

There is a very important difference between the per-
formance of electrolytic interrupters and mechanical inter-
rupters. With electrolytic interrupters, at the moment
the pnmary current becomes zero, the total energy also
becomes zero, since there is no primary capacity in which
to store it. It 15, therefore, impossible to have sparks at
this moment, unless the capacity of the secondary be
sufficient to accumulate a part of the energy.

The efficiency of the Wehnelt interrupter is very low, be-
cause of the considerable heating of the electrolvte; 1t 15
not unusual 1o find more than S0 per cent. of the encrgy
dissipated in the form of heat in the interrupter alone.

All that we have said is equally apphicable to the Simon
interrupter, as well as Wehnelt's: B, then represents the
resistance of the hquid conductor which connects the two
compartments. It 15 possible that this resistance may
be more constant than in the Wehnelt interrupter; there-
fore, Simon's formula (6) 15 perhaps more apphcable,

In the normal operation of the Wehnelt interrupter, the
envelope of stcam being formed, what 15 the cause of s
disappearance? Some (B. No. 66) believe that the spark
of the " extra ” current ignites the explosive mixture at
the anode and that the explosion dnves away the steam
To thas hvpothesis the following objection may be made
The gas relcased from the electrolyvte s alwavs collected
at the annde aml the cathode, moreover if the gas at the
anode 15 a mixture of hydrogen and oxygen it 5 mndeed
extranrdinary that this mixture has escaped being paiteld
lwefore.  The solution adjacent to the envelope of steam
seems to play the role of cathode. the steam and the

B A e w——
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hiquid appear to behave like two voltmeters connected
in series. The volume of gas collected at the anode,
acconding to Walter, is two and one-half times greater
than would be expected according to Faraday's law.

Certain authors suggest the condensation of the vapor;
others claim that the gas and vapor are released in quan-
tities sufficiently large to account for the tumultucus
movemnents of the electrolyte which recstablish the con-
tact. Direct observation reveals an upward current of
large bubbles, which burst at the surface of the electrolyte.
Wehnelt observed, with a rotating mirror, the relatively
slow formation of the pascous envelope, then its dissolu-
tion into little bubbles, interrupting the current. Child
(B. No. 62) calls attention to the fact that the high em f,
which exists between the points of rupture, produces a
conseicrable electrostatic pressure upon the gas envelope,
thus facilitating the cxpulsion of the vapor. Finally,
Gagmire (B. No. 81 attributes the return tu the orig-
mal state, to the variativn of the internal pressure of the
bubbles and the surface tension of the liquud.

A very peculiar phenomenon takes place in the Simon
interrupter. . When one of the electrodes is placed in a
perforated tube that is wumersed in a Jar containing the
sccond electrode, it is scen that the operation of the ap-
paratus causes the level of the liquid in the tube to rise
or fall  The phenomenon appears to be caused by the
relative facility with which the bubbles of zas and vapor
are formed at one side or the other; in certain cases, this
15 of greal importance since it is possible to obtain a
change in level of about ine meter,

IS, Electrolytic interrupters for alternating current.—
With alternating current the Wehnelt interrupler gives
unequal interruptions, which is just what would be ex-
pected from what is known of its characteristics, Messrs,
Kallir and Eichberg (B. No. 310, who stuljed the opera-
tun of the Wehnelt interrupter with alternating current,
abservedd that the discharoe did not o mmmenve untl the
instant when the positive half of the wave had attained

THEORY—ELECTROLYTIC INTERRUPTERS. 7l

a certain value and from this instant the interruptions
became more frequent as the maximum of /£ was approached,
anid then decreasing in frequency toward the zero value.
The same phenomenon was observed in the nepative
half, except that the sccondary sparks were extremely
short.

This phenomenon can easily be observed with an oscillo-
graph (B. No. 84}, if carce 15 taken to keep the value of
the coefficient of self-induction so low that numerous
interruptions will take place in each wave half. Fig. 48
shows distinctly the difference between the positive and the

Fic, 48,

negative half of the wave: the frequency being iess in the
negative half. It is also seen that the frequency is great-
est for the maximum amplitudes.

The difierence between the positive and negative dis
appears when a Simon interrupter is useid : this tvpe being
perfectly symmetncal.  The sparks are equal in length for
each half-wave but are opposite in sign,

When a Wehnelt interrupter is used for rectifving alter
nating current, it often happens that the active electrode
becomes fused, because as 15 well known the platinum
pomt, when used as catlweie. heats consuderably,

————— i ——
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CHAPTER V.
THE SECONDARY CURRENT.

19, Striking or disruptive voltages.—In order that a
spark shall pass between two conductors that are separated
from each other, there must exist Letween them a dif-
ference of electrical potential, the value of which depends
upon the length of the gap, the form and nature of the
conductors, and the nature and condition of the medium in
which the spark must form. The difference of potential,
which is often called the striking voltage, has been deter-
mined by various physicists, under varying conditions,
and the results obtained, which differ greatly from one an-
other, should be considered only as approximate indica-
tions of magnitude of the e.m.fs.

All bodies oppose the establishment of a spark with a
certain resistance that varies in value with the thickness.
The striking voltage necessary to rupture one centimeter
of the substance considered, is eften called the dielectric
strength.  The ratio of the striking voltage to the thick-
ness is not constant; the diclectric strength decreases (air)
with the thickness.

Figs. 49 and 50 show striking voltages found by various
experimenters, for air under normal conditions of pressure
and temperature.

The values given by Joubert were obtained from ex-
periments made with a static machine charging condensers:
the sparks were formed between brass balls 22 mm. in
diameter,

Thomas Gray (B. No. 37). who has extensively investi-
gated the diclectric strength of many different insulating:
matenals, measured the strength of air by passing sparks
between two plates.
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C. E. Skinner (B. No. 38) measured the striking voltage
between two needle points; the e.m.f. being furnished by
transformers capable of giving 200,000 velts. The figures
given by this author indicate the mean effective value of -
the em.f., the wave-form being taken as sinusoidal. In
comparing this curve with the others given in Figs. 49
and 50 the wvalues given by Skinner must be mult-
plied by /2,

The German physicist Oberbeck (B. No. 40) made some
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measurements of the stnking voltages between a plate
and needle poiot and established the well known fact that
the stnking voltage 15 greater when the point is negative
than when it 15 positve,

Klingelfuss (B. No. 74) measured the sinking voltage
directly, using an wnduction coil; he used as electrodes a
platc and a point, the latter being positive. It was ex-
plained on page 59 why these results can be considered
as the upper limat.
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Finally, of the numerous determinations which have
been made, those made recently by de Kowalski (B.
No. 87), are given. He measured the em.f. between a

- brass ball 2 cm. in diameter and a plate of the same metal
158 mm. in diameter. The tests being made with e.m.f.
supplied by a continuous-current gencrator that was used
to charge condensers; under these conditions the e.m.f.
can be very accurately measured with ordinary commercial
voltmeters,

The curves in Figs. 49 and 50, excepuing that of Klingel-
fuss, show clearly that the voltage increases less rapidly
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than the distance.  This fact should be borne in mimd,
because it wonhl be possible to comnclude that since the
curve of the maximum current values as a function of the
spark lengths (Fig. 17) shows a point of inflexion, the
cenl or the interrupter has some wregularity in its operation.

Dr. C. Baur (B. No. 86) gives an equation for the mean
striking voltage of diclectrics,

E = f;'!.

whercin [ is the thickness of the dieleetrie (spark-gap),
which correspomls to the voltage, £, and ca constant.
This formula fits the general form of the curves very well.
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In reality, the nature of a spark is not so well defined
that absolute values can be attached to quantitics shown
by the curves described above.

The pressure of the gas has a marked effect on the
sparking distance. The striking voltage decreases with
the pressure down to a certain value—a few millimeters
for air—then it increases very rapidly and becomes very
great for the most perfect vacuum that can be obtained
in practice. Above the atmospheric pressure the striking
voltage increases.® In both cases, above and below normal
pressure, the nature of the spark changes.

20. Sparks.—In order to obtain the longest possible
sparks with a given value of e.m.i., the negative electrode
must be a plate and the positive one a point; in which case
the sparks are directed at the center of the plate, or just

L B
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about as shovn in 4 (Fig. 51).  The spark mav be white
andd noisy, or more or less vellow, thick and silent:
at the surface of the plate the spark s whiter and more
luminous, due 1o the metallic vapors.  When, on the ather
lhiind, the pont s made neeative amd the plate positive,
the value of the vl must be much greater amd the
sparks, instead af furming between the center of the plate
and the point. start from the edge of the plate, B (Fig. 51,
Tins difference is very characteristic, it forms one of the
best means of determining the polanity of the discharge
fromt an induection coil.

When the distance between the point and the plate is
much less than could be used with the coil the spark is

* Professor Rvan {ound that for pressures up to about 150 I
per s in the diehctiic stength of air varies directly as the als
solule pressure and inversely as the absolute temperature —0) A K
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thick and silent and the difference in polarity of the dis-
charges disappears almost completely; for this reason, the
point and plate should be separated as much as pussible
when it is desired to distinguish the polarity of the dis-
charge.

When the sparks are furnished by a sufficiently powerful
source, they are clear and give a characteristic erackling
sound, providing the voltage greatly exceeds the striking
voltage; in this case the sparks approach an are. I the
source is not sufficiently powerful the electrodes become
slowly charged to the same potential as before, then form
a continuous and silent brush discharge, which is scarcely
visible, making it appear that the striking voltage has not
been quite attained. If, without changing anvthing clse,
the e.m.f. of the source is increased. the brush discharge in-
creases in magnitude and sparks are formed without
there being any sudden change from one phenomenon ta
the other. It is, in a great measure, due to this difficulty
in distinguishing the dividing line between brush dise harge
and actual breakdown, that such different results for the
striking voltage are obtained. When a condenser charged
to a high voltage by a generator i used as a source, the
first spark jumps just as soon as he strikine voltape s
reached | this spark heats the air and reduces its resistance:
then a second spark is formed and so on the frevpmency
steadily increasing up to a certain lim, which is determined
by the renewal ol the air; the heatwd air rises ami is re-
placed by eold air which again increases the resistance
I the voltage is kept constant, and the available power
15 increased (fur instance, by decreasing the resistance of
the primary circuit), the frequency of the sparks increases
up to the moment when the circuit is closed short through
the envelope of hot air; at this point a sort of are, having
a low but fimite resistance, is formed (B, Nos. 60 and §7)
Everything that tends to disperse 1his envelope of hot air,
such as a draught of air or a magnetic field, will tend 10
recstablish sparks and extinguish the arc.

In the succession uf sparks which have just been deseriled
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the first arc white, thin and straight or composed of
straight lines; their sound is sharp. When the heated air
facilitates the passage of sparks, their color changes, they
become yellow or reddish; their sound becomes softer.
Finally, when the are forms its size depends upon the value
of the current; it 15 completely silent when the current is
continuous and produces a sound depending on the fre-
quency when the current is alternating.

Summing up. all that need be remembered, since we
are going to applv it to induction coils, is that discharges
between two conductors alwavs begin with one or several
separate sparks, after which the performance depends
upon the power of the source.

In order to have it complete, it should be added that
brush discharge precedes the first spark. This phenom-
enon has been photographed by Walter (B. No. 57,

Since the discharge cannot take place except for a certain
e.m.f., it i1s possible, providing the secondary capacny is
small, to neglect the action of the secondary circuit up to
the moment when the sparks or brush discharges appear;
thus justifving the assumptions made in developing the
elementary theory in Chapter 111

21. An outline of disruptive discharge.—Assume a coil of
average dimensions. using a low-irequency 1nterrupter, o
as to separate the successive discharres, amd exoize the
circuit with a current of proper value. If the spark-gap
terminals are o far apart, no spark will be produced;
but in the dark. brush discharge and corona eficct can be
scen along the external secondary circuit, especually
where there are pomnts or projections; the effect s some-
times beautiful. Bringing the clectrodes nearer together
sparks are produced, at first white, thin, noisy and seldom
straight, more otten in the form of a broken line. Bringing
the electrindes stfl nearer wopether the sparks Lecome
fatter and more sy, Contmmng o redace the spzrk-gap
the sparks beoovme fatter and less nosyv: they turn vellow
or red, retmminge a sort of 2 wlhite core that 15 moere fu-
minous than the rest of the spark. Fipally, for a very
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short air-gap cach discharge is a thick spark, making a
low hissing noise and appearing like a light yellow flame
the center of which is a little deeper color: the spark is
very hot: it instantly ignites paper and is constantly
being carricd up by the current of heated air

In certain induction coils the sparks are never vellow;
they alwavs remain white and brilliant, and the crashing
noise increascs when the gap is decreased: these are ver-
itable condenser sparks due to the relatively large capacity
of the secondary,

The same succession of phenomena could be obiained
by fixing the clectrodes 1o give a short enough air-gap
and gradually increasing the current, leaving the spark-gap
comstant.

The curves shown in Fig. 52 will aid in explaining what
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takes pluce. The first semi-oscillation of the sceondary
em.f, e, at fist just attains the striking voliage, E,,
one soark is produced (A, Fige. 39 (the duration of the
sparks  bemg unknown  they ane represented  here by
simple vertwal lines).  Decreasing the length of the gap
(B. Fig. 52). 2 spark is praduced as soon as ¢, reaches s
and the conductors are discharged, but the coil continues
to furnish energy, the e.m.f., increases again and a new spark
15 formed and is followed by others until the e.muf 35 no
longer great enough to raise the clectrodes to the siriking
voltage,

How does the phenomenon of disruptive discharge take
placc?  The first spark heats the air so that the second
encounters less resistance, and so on: the result is that the
striking voltage 15 continuously Jdecreased from Fig o
E, (B.Tig. 523, and that the frequeney of the sparks continu-
ously increases from the beginning 1o the end of the

THE SECONDARY CURRENT. i)

discharge. Abraham (B. No. 60) observed analogous
phenomena in the discharge of condensers, that were
charged from an alternatinr-current source. It 15 evident
that in the descending portion of the curve, ¢, (B, Fig. 52},
the frequency of the sparks could decrease because of the
decrease in the em.d. It is this part of the discharge
that appears to the eye to be a single fat spark.

When the air-gap is still more reduced the striking volt-
age, E,,. decreases (C, Fig. 52), and the frequency of the
sparks increases; the heating of the air is greater than
before, so that the e.m. . is sufficient to strike and main-
tain an arc; the arc is represented by the cross-hatched
portion of the curve in C, Fig. 52. In this case the partial
sparks at the beginning produce the white core of the hot
sparks.

The conventional representation of the sparks given in
Fig. 52 dues not exactly represent what takes place.  Each
spark, represented by a single vertical line, may be a very
complicated phenomenon; it may contain a great many
oscillations, or it may consist of a great many dwischarges
in the same direction. However the duration of the total
discharge (unce spark) 15 so short i comparison to the
wave of sccondary e.m.l., ¢, that it s impossible to rep-
resent both phenomena to the same scale.

22, Properties of sparks.—Alihough, as was saud before,
the sparks do not differ from one another moa well de-
fined manner, the characterisue features have been es-
tablished for each phase. The white spark. when ob-
served with a spectroscope, alwavs gives the lines of the
metals between which it is formed. When the spark is
long, the white part of the spark 1s often found only near
the megative cleetrode, and it 12 here only that the lines
of metal are found in the spectrum; in the rest of the
spark, as in all hot sparks of vellow or red color, the spec-
trum is stnped. hike that of gas.

The experiments of Hemsaloh showed that m the dis-
charre of a condenser. charged by an inductwm cosl, there
are nearly alwavs obtained for each discharge several
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oscillating or intermittent sparks, and the reason that
the first straight-line spark is very brilliant, is that the
air is incandescent ; the metallic vapors come afterward and
mix with the heated air. It seems that, without a con-
denser and for long sparks, the phenomena are not the
same; the arc, when it is produced, does not show any
uictaH-f lines, at least, they are hidden by the spectrum of
air.

The white sparks, which, as we have seen, cause sudden
and more or less frequent variations in the current value,
naturally have very marked inductive properties; this can
be demonstrated by a very simple experiment (B. No. 39).
Connect in the secondary leads to the spark-gap, a loop
of wire several centimeters in diameter, the terminals of

) =52

(200Q00000C)

Secondary
P 5

which can be connected by a micrometer sap, o, b, in
Fig. 53. Between a and b the difference in potential will
be proportional to

R=-+I ::Irf

R being the resistance of the luop, L the cocffivient of seli-
wnduction, amwl 7 the value of the current which is established
across the spark-gap; the wire can be made su taree that
R may be neglected,  As lang as the variations in the value
of ¢ aresmall, there are no sparks between a and b: this is
the case when the spark is hit

As soon as the white sparks appear, a small spark passes
acruss a b, the gap offering less impedance than the loop;

L R R
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these sparks are due to very great variations, d_: and also

to the fact that the instantaneous value of ¢ is inbnitely
greater than would be judged from the mean value of
the current. Anything that tends to establish white
sparks in the main gap will produce sparks at a b; for n-
stance, if a hot spark is established between the terminals, by
blowing against it one can show that simultaneously with
the formation of a white spark there is a discharge at a b,

The hot spark corresponds to a lesser e.m.f, drop, be-
cause the resistance of the heated air is less than that of
cold air. However, the air-gap does not behave like a
metallic conductor; no spark can pass until a definite
potential difference has been reached. This fact can be
demonstrated by a simple and interesting experiment: A
coil 1s excited by a powerful source, and is provided with
a very rapid interrupter—a Wehnelt, for instance. The
spark-gap i1s adjusted to give a verv hot spark. a sort
of an arc some centimeters in length. 1f, now, a wire 15
attached to one of the electrodes, preferably the positive
and if the other end of this wire is brought near to the
negative plate. it 15 seen that the distance between the
plate and the wire must be made four or five times less than
the spark-oap before a spark will form there in preference
to its ull path: then it will completely abandon the first
path in favur of the second. Afterward the wire can be
drawn awav from the plate. and the spark lengthened; it
will notl resume s old path until the distance becomes so
great that the discharge is stopped; it i1s also possible w0
lead the spark back to the point electrode, This ex-
perniment shows that even with a very hot spark, the re-
sistance 15 great because it absurbs an e.m.f, sufficient to
break down several contunreters of cold air, and also
because no discharge will take place in the heated air
below a certain value of potential difference, since the
shunted gap mmediately 1akez all the discharge,

Up to this point we have conssdered only sparks which
are distinctly separated fromn une another, such as would
be obtained with low-frequency interrupters: the last
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expenment shows that the aspect of things changes when
the interval between two consecutive sparks is so short
that the path of heated air has not time to escape.

With rapid interrupters, the striking distance being
that which corresponds 1o white spasrks, the discharge 1s
at first a flux of crackling sparks, which is more or less
quickly transformed into a hot and silent stream, often
streaked with white lines; this phenomenon is often ob-
tained with the Wehnelt, interrupter.

The high-speed interrupters sometimes facilitate the
discharge in the following manner: The coil being unable
to break down the air-pap, corona and brush discharpe
will take place with each interruption of the current, and
these phenomena heat ihe air, so that, at a certain instant,
a discharge between the clectrodes will take place. (The
violet rays from the brush discharge also act to render
the gap more conducting ) The discharge, once established,
will continue. Tt should be noted that, in this case, the
discharge most often changes from brush dhscharge to a hot
spark, because the greater heating effect of the hot spark
tends to facilitate the discharge. It is generally in this
manncr that the hot sparks, given by electrolytic inter-
ruplers, are formed.

When the sparks arc once established, it is possible to
increase the spark-gap: with the very high frequency given
by the clectrolytic interrupters, it is easy cnough in this
way to double the length of the spark: it is for this reason
that certain persons have claimed to have abtained much
longer sparks with clectrolvue interrupters than with
mechanical interrupters

The decrease in the resistance of the air, when the tem-
perature is raised, can be demonstrated in the following
manner: The electrodes being placed far enough apart to
prevent a discharge, approach the gap with a flame, (gas
Jet. aleohol or even a match), when the thscharge will
mmediately take place.  This experiment will succeed if
care is taken to adjust the spark-gap so that it just slightly
excecds the explosive or striking distance.

CHAPTEER VI.
POWER AND EFFICIENCY OF INDUCTION COILS.

23. Power and efficiency.—The power absorbed by a coil
depends upon the resistance of the primary circuit, on
the coefficient of self-induction and the e.m.i. employed;
often also, when the secondary is closed upon itself or
through a large capacity, the power is a function of this
circuit also. No matter what the conditions of the pni-
mary circuit may be we have seen that onlv a part of the
t:n:r:rhg].' absorbed 15 utilized for induction; this is the en-
ergy which has been stored in the magnetic field, namely:

L Jm“r
= ‘—_}

W,

In a coll excited by a conuinuous-current source of
caf.,. E, the energy absorbed at any instant is

LEldi,

amd smwe E is conswunt, the power absorbed is

-
d

P, - ‘;j; ditie E T

the prosduct of the constant eom.d., 5, and the mean value
of vurrent, [..

If # discharges are produced por second, the power
utihzed tor mducton is o 11V, and we van deiine the pri-
nuiry efftciency as

by e
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this is called the efficiency of the circuit; it will be seen
that it is possible by proper choice of the factors, E =nd R,
to increase the efficiency to a maximum value.

With each discharge, the energy W, 15 released ; part being
duissipated as heatl i the secondary aml in the iron core,
the rest being utibized.,  If the uselul enerey is designatid
as w, the ratio, 5,, between wand W, represents what is
called the secondary efficiency of the cuil,

w 2w
. T e——— O ——m——
KE T Tl A

The product of 5, and 5, represents the total efficiency, 5,

o
:E':’ill‘h:E_Lw-

Little is known of the total efficicncy of a coil, because 1t
is almost always impussible to find the * secondary effi-
ciency ' of a coil. '

The efficiency of the circuit is easy enough to deter-
mine, when the coefficient of self-induction, L, and the num-
ber of interruptions, n, i1s known, because the measurement
of the power-input, [ [, is a very simple matter.

The total efficiency can scarcely be determined except
in two cases.  When the secondary circuit is closed throuyl
a constant resistance, rf, and the mean effective value of
the current is 7., the useful power is

P =ity

ami the total efficiency is

The second case is when the secondary circuit is closed
through a relatively large capacity; il then, the longest
puossible sparks arc obtained, it can be assumed that the

ke
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energy stored in the secondary capacity is entirely utilized

in the discharges, so that the encrgy of each discharge
15 very closely

and the secondary efficiency may atlain

c 8y
L o5

from which, if # 15 known, the total efficiency is

"eey
==
L -

In this test it 15 well to use balls for the spark-gap 1er-
minals, so as to be able to refer to known striking e.m.is.,
or better yet, to measure by another method the em.d.
corresponding to the length of spark obtained. A gond
precaution 15 to use low-frequency sparks so as to avoud
heating the air and the terminals of the gap.

In experiments maide on various tvpes of coils chareing
LLevden jars of large capacity, the author has never ob-
tained an efficiency above 50 per cent.. and generaliv
nearer 40 per cent.

The efficiency of the circuit is casier to measure and it
can, in many cases, be improved ; the factors which can be
manipulated to this end are: The em.f. of the source.
the duration of the contact and the resistance of the
aircuit.  If, for instance, the current value, [ (Fig. 54),is re-
quired, we know that this value 15 attained after a certain
time; the higher the e f. the shorter the time. Since
the copper loss in the circuit is

T
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1t 15 seen that it is proper to reduce the time by increasing
the em.I., E, as much as the interrupter will permit.

Increasing the resistance, K, of the circuit, by a rheostat,
(& common practice), is contrary to proper utilization of
the energy; but since it is a safeguard to the coil, it is
better to sacrifice a little of the cfficiency in all cases
where there is a fear that the coniact will be too long for
the e.m.f. employed.

The efficiency increases with the e.m.f. of the source,
but the rate of increase of the ciliciency is not constant.
It falls off, so that there is a value of e.m.f. above which

<
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it is useless to po: this value is senerally equal o about
10 H 'I'l1|.'ll

However. the efficiency is nmt ilhe only point  which
has bearing on the subject, it is ofien convenient to utilize
lighting circuans at 110 or 220 valts; with suilicienily
rapid lqguid interrupiers a good uulization of the cncrg;'
1= obtained, providing it Ts not necessary 1o employ rhes-
stats in serics for revulmting the current value.

With mercury imterrupters, in which the duration of
conlact can be repulazed, the rernlation showld be suceh
as to give a value which will permit the attainment of very
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near the necessary current values, but the duration of
contact should never be prolonged much bevond this
point, because the energy will be expended in pure loss.

The increase of ihe voltage, E, permits a reduction of
the duration of contaet, it inereases the efficiency and also
permits the use of an interrupter of higher frequency;
therefore, the usual power of the coil, that is, the energy
which it can furnish in a given time under given conditions,
is increased.

If the number of interruptions, #, is increased bv simply
reducing the " lost time " between two consecutive dis-
charges, the power of the coil is increased. But without
any change in efficiency, the ratio between the output
energy and the input energy in cach discharge remains the
same.

With electrolytic interrupters, the total efficiency may
be measured in both cases mentivned above. However
it is very difficult to separate the efliciency of the coil from
that of the circuit, since the resistance of the interrupter
varies from instant to instant.

In order to compare two coils, it is necessary that the
conditions be as nearly identical as possible and that the
power absorbed by each for producing a given effect, be
measured: however, it is possille to find for different coils
certain circuit conditions and methods of use, such that the
useful results will be equivalent: the comparison <hould
not be made unnl the most faverable conditions for each
coill have been mvestigated

With continuous current the power absorbed by the
coil should be measured with a wattmeter, or, more simply
and accuratelv. with any voltmeter and a Weston ammeter.,
Since it 18 necessary to know the mean value of the current,
all ammeters giving the mean eflective value: Hot-wire.
electrodynamometer, electromagnetic—should not be used
m this case, as their use may lead o very senous errors.

In the secondarv circuit, instruments should be used
which give the mean effective value, because the 1wo fact-
ors, ¢, and 1, are vanable.
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When the coil is connected to an alternating-current
circuit, a wattmeter must be used for measuring  the
power absorbed; there is no reason why the value of the
current and mean eflective voltage should be measured
except where it is desired to control the regulation,

24. The measurement of constants.—It is not within
the scope of this work to enter into details of testing, and
we will limit ourselves to pointing out the importance
and choice of methods.

Resistance of the two circuits of a coil should always be
known, and when there is fear of an accident in the coil,
i is the, first measurement to be made. A coil in which
the secondary is broken may continue to give apparently
good results, but a little spark between the broken points
is capable of putting the whole coil out of service. By verify-
ing the resistance from time Lo time, it is possible to detect
such an accudent before it has assumed much importance ;
this verification should always be made after the eoil has been
transported, or has undergone mechanical shocks which
could cause the wires to rupture.

The measurement of resistance does not require very
great accuracy. from two to three per cent. at the most,
because it is ditheult to know the temperature of 1he mass
within about five degrees centigrade. This lack of pre-
cision makes it impossible to discover the short-circuiting of
a few turns in the secondarv—an accident which (requently
occurs, and whivh is capable of putting the coil out of service.

In case a Wheatstone bridye is not available, the resist-
ance of a cuil can be measured with a milliammeter or
voltmeter, the value of the current derived from a known
e.m.l, such as that from a continuous-current hghting
network, for example.

There are numerous methods for measuring capacity,
but most of them require perfect condensers, which re-
quirement is seldom fulfilled by coil condensers: in each
there generally exists a very strong polarization and a
relativelv considerable conductivity; these two faults do
not interfere with the operation of the coil, but they render
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the measurement of the capacity more difficult, The
method 1o be most recommended for this sort of work, is
that of Sauty. Bw replacing the pgalvanometer by a
telephone, and the continuous current by an alternating
current, the capacity thus measured is, indeed, that which
should be used in the calculation of the oscillations. It
is alwavs smaller than that obtained by the ballistic
method, because the capacity due to polarization is al-
most completely eliminated.

The measurement of the coefficient of self-induction is
often considered difficult; in reality it is just as easy to
measure as resistance; it is simply a matter of choosing
the method most adapted to the circuit. For induction
coils, since all coils contain iruon, zero methods should not
be considered, and the deflectivn methods should be used.
The method used by Rayleigh of comparing a coefficient of
self-induction with a resistance is generally the most con-
venient.

It should not be forgotten that the coefficient of self-
induction of a coil containing ivon is a function of the am-
pere-turns, (Fig. 34) ; consequently, measurements which do
not indicate the value of the current are useless: it is neces-
sary 1o make several measurements corresponding  to
current vialues between zero and the maximum which
will be used in the coil. In measuring the coetficient of
self-induction of the secondarv. it is necessarv 1o choose
current values which will pive about the same number of
amperc-turmns as that obtained by the primary current
values,

The coefficient of mutual induction should also be de-
termined for the same primany current values. In a
rigorous test 3t would be necessarv to take the secondary
current into account, but since this latter is rarely known,
L is necessary to measure the induction, assuming the
secondary current to be zero. The most simple method
15 that of deflections in which the quantity of electricity
produced in the secondary by reversing the primary current
of which the value is known. s measured. The ratio of
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transformation, when it is not already known, may be
determined by the ratio of the coeflicients:

T .

I'* M\NT .

In order that the ratio of transformation thus measured
be exact, it is neecessary 1o introduce in the ratios the
values which correspond approximately to the same num-
ber of ampere-turns; for M and L it suffices to know

their value for the same primary current. For the other
ralios,

p ! !
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which may be done after a preliminary measurement with
any valve of current has given an approximate value to
the ratio of transformation.

25. Coil testing.—That which has been said concerning
operation of cvoils and interrupiers shows the complexity
of the phenomena and demonstrates that there should
be almost as many methods of testing as there are special
applications fur ceils. There are, nevertheless, vertain
general tests which can be made, because they are char-
acteristic of the worth of the voils. Among these tests,
one of the most important is the determination sof the
length of the secondary sparks as a function of the primary
current values, As was scen in Chapter 111 in tracing a
curve of maximum current values as a function of the
corresponding spark length, (Fig. 17), asort of characteristic
of the coil is obtained for a given condenser and interrupter.
The form of this curve and its constancy are the best
gurantees of the given condition of the coil,

The miethod of determining this characteristic of the coil
consists in testing it with an interrupter giving a constant
duration of contact which is long enough to permit the
establishment of the full value of current as represented

L8

by the AN, fage =
viheequation, f e

It is necessary to use a high voltage, that of a lighting
circuit, for example, and insert a resistance in the circuit,
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s0 as to be able to vary the maximum value of current.
The current 15 measured with an ammeter when the inter-
rupter 15 stopped and the circuit closed.

For different values of corrent, [nae determine the maxi-
mum lengths of sparks which it is possible to obtain and
plot these lengths as abscissas, the corresponding values
of current being plotted as ordinates,

Several curves may be constructed for different capac-
ities.  In this way the optimum capacity may be deter-
mined. However, this optimum capacity holds only for
the particular interrupter cmploved in the test. When
the coil has been in operation for a certain time and it is
desired to determine i1ts condition, these tests should be
repeated under identical conditions.

The test should alwavs be conducted progressively,
commencing with the short sparks and plotting the results
obtained n the form of a curve, as soon as the curve has
passed the point of mflection (Fig. 17)—that is, as soon as
it becomes convex to the absassas. The primary current
should be increased very carcfully, because this mav be an
indication of small discharges which take place within the
coil. When the curve turn= up too rapidly, increasing
the primary current will have little effect on the length of
the spark, and this length should be considered the prac-
tical limit. wiich should not be exceeded,

Rapud interrupters and those in which the rupture 15 a
function of the current value should not be used in this
test; because one would be tempied to plot the length of
the spark with a mean value of current, which is an indi-
cation much too vague to be of use.

The optimum capacity can generally be judged by the
result obtained; is exact deterrination i1s quite difficult,
because the effect produced 15 often impossible to meas-
ure directly. Sufficiently good results are generally
obtained by choosing a capacity which gives, other
things being equal. the greatest length of spark. In radi-
ography the aspect of the rwube, the uniformity and the
intensity of the light emitted, are good guides in choosing
the capacity to be emploved. Unfortunatelv, it is not
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possible to give more precise indications on this subject:

: The short-circuiting of several turns is much more diffi-
the cleverness of the operator plays an important part, one

cult to detect. However, this accident reduces to such

-t

which it = impossible to eliminate. A an extent the efficiency of the coil, that it is almost impossi-

26. Accidents and faults in coils.—Faults in coils are £ ble not to notice a deviation from normal operation.  When
numerous and “':T'E“ very difficult to locate. The following % one is certain that all other causes of pertubation are
lndl(‘ﬂllﬂnﬁ may 1n som Cases serve to fﬂﬁﬂniiﬂﬁ thess faulis, E‘ elhiminated, the fault may be located h}' h“m{ng out the

but in repairing them it is best to call in an electrician who
possesses not only the tools necessarv, but considerable
experience in this line of work.

Open circuits sometimes occur in the coil winding; they
are easily recognized by measuring the resistance. When
the primary circuit is opened, the fault is immediately
discovered because the small em.f. of the source will
not be able to establish any current in the circuit. It
often happens that the wire is broken, but still in contact;
in this case variation in the resistance of the contact will
serve to indicate the trouble.

When the secondary coil is opened, the operation of the
coil will not be immediately affected: but at the end of
a certain time, the small spark which forms between the ends
of the broken wire burns the insulation of the neighboring
turns and short-circuits them, thus rapidly reducing the
useful effect of the coil

A much more frequenmt accident is the short-circuiting
completely, or partiallv, of the primary. Often this short-
circuit is dead and can be detected by measunng the re-
sistance. but more often it results from the carbonization
of the insulation by the sparks due o self-induction: in
which case the carbon residue offers a considerable resist-
ance to the test current, and in this wav the primary re-
sistance appears not to have varied; but when the coil
is in operation, the current due to self-induction of the
winding finds an easy path.  Energy s dissipated at this
point, and the coil furnishes much shorter and weaker
sparks. When this accidemt occurs. generally a very
marked dimnution of the spark at the interrupier is noted,
which is casily visible in dry interrupiers, and which makes
wself known m mercury mterrupters by a characteristic
heavy sound.
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part which is short-circuited. The coil being placed on
short-circuit, and a high voltage applicd with a Wehnelt
interrupter, furnishes a very hot spark of length correspond-
ing to its normal operation;at the end of a very short time,
the short-circuited turns, which are the seat of a very large
current value, melt the insulation which surrounds them, and
thus indicate the location of the fault. It is preferable
to allow an expert to make this test.

A condenser mayv also be short-circuited ; it is usual to
detect this by measuring the resistance of the dielectric;
an ordinary voltmeter 1s put in series with the condenser
apd connected to direct-current lighting mains. In case
of a short-circuit, the indication of the volimeter will be
about the same, whether the terminals of the condenser
are short-circuited or not,

Another case presents tself; namelv, an abnormal
resistance in the conductors which connect the condenser
to the interrupter; the sparks due to the self-induction of
the primary winding then become much stronger, and those
in the secondary vervy much weaker, The nature of this
trouble will only be recognized after a carefu! examination
of the enure coal; a convement method consisis in remov-
ing the condenser from its box and connecting it directly
and securely by short wires to the interrupter.

When the insulating tube. which separiates the primary
from the secondaryv, becomes punctured, or in general,
when a spark passes between the two circuits, the secondary
retains a residual charge, which can easily be detected by
touching the terminals wih a hand; this residual charge
15 very charactenstic of leakage between the two circuits;
it is often an indication that 12e leagth of sparks emploved
15 tou great for the cuil




CHAPTER VII.
CONSTRUCTION OF INDUCTION COILS,

27. The primary.--The primary is the part easiest to
construct, however, il is necessarv to take certain pre-
cautions in order that the coil give results that are not
medioere.

In the-classical form, the iron core is straight : it is formed
of iron wires varying from 1 to 2 millimeters in diameter,
which are arranged and assembled in concentric lavers
about a more rigid core of iron from 6 to 8 millimeters in
diamwter.  These iron wires should be arranged with great
care. so as to obtain the best utilization of 1he space; they
are laul on laver by laver. cach laver being covered with a
coat of varnish. In small coils less care is taken: the wires
are simply assembled in a bundle, tied together and all
varmshed at the same time. Many times they are neither
varmshed nor tied together.  When the :Ill'.‘l.'l.‘!-uﬁ..ilT‘n' diameter
has heen obtained, the iron core is dried in an 4_1I1'en and 15
alterward covered with a laver of insulation, the thick-
ness ol which depends upon the size of the coal. This
msulatwm is made of varmished paper, of linen, or anv
other solid insulator, -

The primary wire i= then wound upon the core in one
or two layers. In case several layers are emploved, it is
pod practice to insulate one from the other with the same
kind uf material that is used 1o insulate the core, because
it should be remembered that there mav exist between the
terminals of the prnmary, enfe of several hundred volts

The size of wire 10 employ depends upon the dimensions
of the conl, the value of current which 1t haz to carry Al
the duration of continuous serviee. The Jiameter of the
primary wire varies from 06 to 08 millimeter in small
ignition coils, and from 2 10 3 millimeters in large coils,
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Although the efficiency is not greatly affected by the
resistance of the primary circuit, it 15 good practice to
reduce this resistance as much as possible in order to linnt
the heating, which may be injurious to the insulation,
especiaily when the coil is intended for continuous service.

Among the modifications and improvements in primary
windings, one of the most important consists in substitu-
ting for the single winding a core covered with several lavers
of wire, each laver entirely insulated from the others. The
terminals of each layver are connected to a terminal plate
where they mav be inter-connected in series or paralicl,
s0 as to vary the coefficient of self-induction and the resist-

Fic. 53

ance according to the needs of operatinn.  Fig. 55 shows
a construction recommended by Professor Walier 1o Tw
uscd with a Wehnelt interrupter; there are four equal s
tions connected to eight msulated plups.  The followine
cinnbinazinns r‘:'.:l_\ E'n_r obtained - Foair Cmilg m series:
two in series and two in parallel; amid four in parallel  In
other modeis the connections are so arranged as 1o peront
the cutting in and out of a greater or less number of cmis
The 1wron core is ofien formed of laminations I 1he
lanunanions are of cqual breadth, the core will be rectangu
lar. This makes 11 a hitle difhicult 1+ wind the [rrimEry.
and much more difficult o wind the secondarv, unil
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therefore, is seldom used. Most often the laminations
are made of different width and are assembled so as to
form a section that is inscribed in a circle. In both cases
the laminations should be insulated from each other. The
use of sheets or laminations, instead of wire, gives a little
better utilization of the space.

In models using a closed magnetic circuit the laminations
are always used, because of the facility in construction.
A model of this type is shown in Fig. 56i. This construction
has not found much faver.

28. The secondary.—As has been puointed out before,
the secondary windings are made according to two different

Fig. 56.

methods: In layers or in sections (Figs. 4 and 5). The
_lag.'ur winding is used omly in verv small coils; it is
made by placing the coil in a lathe and winding the wire
carefully so that the tums touch each other without CTossing ;
after the winding of each laver of wires, a sheet of vamished
or paraffin paper is inserted, so as to separate one layer from
the other. Care must be taken to make the lavers of paper
several millimeters wider than the lavers of wire. The
winding being finished, the coil is plunged into a bath of
hot paraffin or rosin, so as to fill all the spaces; it is afte. -
wards removed and allowed to cool.

This construction is largely emploved for small ignition
coils; the winding is ofien made by machine, and some
times bare wire is used: the machine in this case winds
the t.urm: so that they are separated from each other by
an air space.
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The section, or pie construction, consistsin two operations;
the winding of the pies and their assembly. The most
commenly emploved method up to within a few years, con-
sisted in winding the pies in a bath of hot rosin, so as to
fill the spaces between the wires and to glue them topether.,
The apparatus emploved is quite simple: It consists of
a bobbin mounted on the arbor of alathe or a wheel, below
which is placed a metal basin filled with hot rosin (Fig. 57).
The bobbin is generally composed of two brass disks having
an extemnal diameter equal to that of the pie; these disks
are provided with a hole at the center through which a
bolt is passed. A metal core having a diameter equal to

Fic. 57.

the interior diameter of the pies, and a length equal to the
thickness which thev should finally have is placed between
the two disks; these three pieces are rigidly fastened together
by a central bolt which completes the bobbin in which the
wire is to be wound. Before commencing the winding,
the disks and the core are covered with oiled paper, so as
1o facilitate the removal of the pies; on the core several
turns of paper nbbon of an appropnate width are wound,
or rings of cardboard cut to the proper diameter are used,
The disks are covered with paper held on at the center
by the core, and at the outside by a nng or by any other
convement method, The wire is placed on a reel in front
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of the bobbin and its end is passed through a small hole
made near the center of onc of the disks. This being
done, the basin of rosin is brought under the bobbin and
raised until the babbin is covered nearly to the axle. The
winding is then commenced; it should be done slowly so
that the rosin will have time 1o penetrate thuruug_.hlr.
As soon as the bobbin is full, it is removed from the lathe
and allowed to cool, and then the pie is finished. In
order to prevent the unwinding of the interior wires, the
core of the bobbin is often provided with a cardbeard ring
which remains glued to the wire in the form of a rigid circle,

]n the old-style coils the pies were of nearly uniform
thickness, varving from two millimeters to three milli-
meters. To-day, builders who still employ this method

2]
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of manufacture, make the sections of extremelv variahle
thickness; it is principally a question of mn*.'::r;}u::-:ﬂ and
cquipment ; it i impossible and uscless to lay duown any
rule regarding this point. .

In assembling the pies, insulating disks are inserted
between adjacent sections. The conmections between
the consecutive sections may be made by Juining the
terninal from the interior of one 10 the exterior of the nest
(Fig. 38, 1}: or by joining altemately the two interior
terminals, then the two exterior terminals (Fip. 6%, 2.
In the first case the sections are assembled with the wind-
ings i the samee direetion ; for mstanee, when the [nee, 1, of
the sectiom is turned 1o the left in the windling machine
all the faces, A, are turned 1o the lof: massembled winndinp
In urder 1o prevent contact between the wire runmng { ruiu
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the center toward the outside of the section, two insulating
disks are used, the wire passing between them. In the
second case, the adjacent windings are reversed.

The disks emploved vary with the builders; paper dipped
in rosin, or vamished wood, glass and ebonite have been
used. At present, each builder has his own prelerence,
The essential condition to be met is that the disks have
a sufficient dielectric strength to resist the maximum
difference in potential, to which they are lLable to be
subjected. Paper disks are still used to a considerable
extent, In prepaning them, moderately strong paper is
immersed in a bath of melted rosin; a sufficient number of
sheets are piled up (in no case should less than two be
used, so as to lessen the liabihity of failure on account of
a small hole in the paper). The pile is then cut into the
shape of annular disks, the inside diameter being the same
as that of the cail, and the extenor diameter being a little
larger than that of the coil.

The coils and the disks are assembled on a brass tube
having a diameter equal to the internal diameter of the
cotls. then the terminals are joined and soldered. The
assembled winding then has a length which is greater than
it will be in the finished coil; the winding is put i an oven,
and at a sufliciently high temperature a moderatle prressure
will squeeze out the excess of rosin which was used m im-
pregnating the disks. The whole winding then becomes
a compact mass,

The winding is then fimshed by adding two end disks of
thick woad, to which are fastened the brass ternunals
of the secondary winding, The I_J:::l;r of the 'I-ti:n-h:'l;_: 15
then wrapped with a temporary covermg of pasteloand
or thin metal. amd receives a coat of hot rosim, winch will
completelv imsulate 1.

This methioe] of manufacture will give good results when
it 15 carefullv caroed out, but s costly amd ofwen causes
dissatisfacivm  when used i omaking large mduetin
cotls. It is sebdom used av present. The latest improve
ments consist mosily in new methods of manufacture,
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Messrs. Rochefort & Wydts were the first to introduce
important modifications in the construction of induction
coils (French patent No. 265728, April 6, 1897}, In the
first model they abandoned the method of using pies,
and returned to the layer winding, using one coil and fewer
turns than was the usual practice. Furthermore, the
entire coil was immersed in an insulating paste, so as to
avold fissures, which are often produced in the rosin and
solid dielectrics, and also to avoid the deposit of carbon
which results from the decomposition of liquid diclectrics.
According to the patent, their inculation consists of a hot

4 4
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solution of paraffin in petrolevm. which becomes a jellv
upon cooling.  The secondary winding, as scen in Fig. 54,
is very short; it is placed at the middle of the primary at
£. a position where the induction has a maximum value.
The first coils mude according 1o this system contanie]
unly 0.6 kilugrams of wire, where equivalent coils of other
models contained several kilograms,

At present, Rochefort has mereascd the number of ele-
mentary coils and connects them in series or parallel, ac-
cording to the service for which they are intended. The
attention of the reader should be called to a particular prop-
erty of the layver winding, namelv: The electrustatic
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capacity between the interior layers of the primary wind-
ing is so large that the wire at the interior may be at a very
low potential when the secondary is entirely insulated; from
this it results that it is alwavs necessary to connect the
corresponding pole to the earth; this connection is neces-
sary, as in wireless telegraphy, for example. Because of
this property of the layer winding, Rochefort makes a
practice of connecting the interior wire to the primary, and
for this reason has given his coils the name ** Unipalar,” In
order to prevent this property from being an inconvenience,
this same builder joins two smaller coils, the two mterior
wires being connected together; the two terminals of the
total coil then take up a potential equally elevated with
respect to the earth, one positive and the other negative,
This arrangement is equally symmetrical.
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Based on a theoretically well founded 1dea, Klingelfuss has
evolved a pecuhar coil. 1t 15 well known that the difference
in potential between any 1wo convolutions of a coil increases
with the number of convolutions which mtervene n such
a manner that in one pie the potential increases or de-
creases in the direction of the diameter, according to the
direction of the current. 1f two pes connected at the
center are plaved facing each other, it 18 casy to see that
the potential differences increase from the center toward
the exterior: therefore, a disk of uniform thickness will be
too thick at the center, and mayv be 100 thin at the extenior.
In order to avoid this inconvenience, Klingelfuss (French
patent No. 305,523, Nov. 19, 18]} constructs the msula-
ting disks of graduallyincrea sing thicknesses, thus retuming
to the extreme svstem used by Ritchie.  His pies contain

e e
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only one thickness of wirc. The winding itsclf is special;
it is made by a machine not described in this book, and by
means of which each turn is so formed that it cannot come
in comtact with a neighboring turn, the silk covenngs of
the wires do not even touch., A schematic drawing of
the cross-section of the winding is shown in Fig. 60. A
spiral plate, 1, being wound, is covered with an insulating
disk, 2; several turns of the new layer, 3, are placed upon
this disk, then the whole is filled with a specially formed
disk, 4. Upon this are wound several other ItiTT:IE, which
are in turn covered with an insulating disk, 5, and so
on. Fig 60 shows clearly how the number of insulating
disks, that is the thickness of the dielectric, increases as
the number of tumns increases. The special machine re-
ferred to above, winds the wire in such a manner as not
to require any soldering. Properly speaking, there are
no pies or sections; the winding is continuous. This
method of construction is very interest ing. especially
for very large coils; it has permitted Klingelfuss to build
coils which give one-meter sparks and more and which
will stand up perfeetly under service.

Anuther vonstuctor, Leshic Miller, in an Enulish patent
(No. 5511, March I3, 1% returns purely and simply to
the Ritchie disk system: his coils is formed by flat SIJ;:I'EIJE
wound mechameally on disks of paper, and 1.-.'11.1;uut destroy-
ing the continwity., There is naturally a great numhrnr
of these disks; coils giving 25-cm. to 43-cm. sparks contain
from F00 10 1200 disks, similar 10 the one shown in Fig. 61.
As in the Klingelfuss svstem, the neighboning turns do not
touch one another, in view of which fact the winding may
be made of bare wire, -

It has viten been pointed out that in order to obtain a
maximum effect with a certain length of wire, it is necessary
to give the coil a profile which will be inscribed in the lines
of force of the magnetic field (Fig. 62). In practice,
since the secondary is alwavs much shorter than the pri-
mary, the cvlindrical form is equivalent, and there is no
need of vomplicating the construction by these small de-
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tails. The curve, M = f (X), in Fig. 62, is obtained by
measurng in different positions the coefficient of mutual
induction between the primary and a pie, the diameters
of which are d, and d,; the ordinates, M, represent the
relative values of the coclhivients, and the abscissa the posi
tions of the pie with respect to the iron core represented
This curve shows that for a secondary coil having a length
equal to one-half that of the iron, the coclficient, M,
varies but little.

Attempts have been made to give the intenor turns
of the pies a diameter increasing from the center toward

the extremities, so as to increase the distance between the
primary and the secondary i proportion to the difference
in potential which exists between them. It 15 well to
know that the center of the coil is not necessarly at zero
potential, and that dissvmmetry in the discharge suffices
to render the potential at one of the poles zero, or very near
it; then the middle of the tube must resist a potential
difference equal to one-half of the total emf., and the
extremity opposite must suppurt double that amount.
The theoretical coil would have a form as indicated by
the cross-hatched portion in the upper half of Fig. (2. but
this method of construction is very seldom used.
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29. Dielectrics.—The insulation between the primary
and secondary is very important. It is obtained in general
by the aid of a glass, ebonite or micanite (reconstructed
mica) tube. Oftentimes also for small coils, the tube is
simply of cardboard, and in case the interior wire of the
sccondary is connected to the primary, the rdle played by
the separating tube is simply that of a mechanical support.

Regardless of the diclectric chosen, the thickness must
be proportioned to the length of sparks furnished by the
coil—varying from a few millimeters for small coils, up to
20 or 30 millimeters for large ones,

Glass, which was principally employed at the beginning,

Fic. 62,

has been almost entirely abandened; ebonite and micanite
are now preferred. Ebonite, in addition 10 possessing
good insulating qualities, is mechanically strong: but it is
difficult to aveid defects in the mass, which will preduce
weak points. Micanite has, perhaps, a greater dielectric
strength, but this is partly offset by the fact that the
diclectric strength is affected by the action of ozone;
therefore, it is necessary to completely envelope the mica-
nite in another insulating material which will protect it
from these effects.

There is generally play between the pnmary and the
tube 5o that the primary can be casily withidrawn: but the

secondary is nearly alwavs glued to the tube by means of
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an insulating material, such as rosin or paraffin, m}d ll:u:-
fastening should be such that there are no interstices n
which sparks may form; with liquid or paste-like dielectrics
the same precaution is necessary.

The exterior of the coil should be perfectly covered by
an insulating laver more or less thick, according to t_ht
lengths of the sparks, so as to minimize lcakage, wh.:eth
always takes place over the surfaces. It is equally im-
portant that there be nu empty spaces between this layer
of insulation and the wire. Many coils are at present
enclosed in boxes filled with wax, paraffin, or rosin, or
some pasty or liquid mmsulator; the box is sometimes filled
in a vacuum, '

The dielectric strength is not the only quality which the
material used for insulating the exterior of the coil should
possess, It should in addition possess the following
qualitics: Should not crack; should not melt under the
action of moderate heat ; should not possess a large temper-
ature coefficient of expansion, and should not be hygro-
scopic. There is no really perfect insulator; the rosins
anid the paraffing possess in part the requisite gualities,
and each builder has his own preferences prompted by
his experience and the conditions of manufacture,

). Condensers.—Condensers used with induction coils
are made up of sheets of tin-foil separated by sheets of
some dielectric; this is most often varnished, rosined or
paraffined paper, varmished or paraflined silk, or rubber,
caoutchoue, and sometimes mica. It does not appear that
the quality of the dielectric has much influence on the
efficicney of the coil.  The only thing required, is that the
thickness of the diclectric be sufficient to resist the differ-
ences 1 potential, often very great, to which the condenser
15 subjected (see Chapter I1I); this thickness should be
very much greater when the coil is intended for continuous
service, because it shoul! not be forgotten that condensers
become percepubly heated in operation, and that the
diclectric strength diminishes rapidly when the temperature
INCTCases,
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The common method of constructing condensers is as
follows: Sheets of paper are cut to the required dimen-
sions, as are also sheets of tin-foil; the sheets of tin-ful
are made from 1 to 2 centimeters narrower than the
sheets of paper, but very much longer. The number of
sheets of paper Lo be mserted between the tin-foil vares
with the power of the coil and the thickness of the sheets
themselves, but there should alwavs be, at least, two
thiwknesses, so as to avoid the Lreaking down of the
cundenser due to an unseen fault in the paper.  The sheets
uof paper are varmishuvsd or paraffined in advance or are
uscd dry.  Place on the table the sheets of paper which
are 1o form the diclecine, then, on top, a sheet of tin-ful.
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Leing careful to leave an equal border of paper on three
siilvs, the tin-foil projecting from the fureside. On this
sheet place another laver of papers. lining them up with
the first, then another laver of tin-foil with its end pro-
jecting from the opposite side, etc.. until the condenser
is completed. Then the whole mass s placed in an oven,
where it 15 bolled in rusin or paratfin: hnally, while still
hot, it is pressed into a firm mass. The extremities of
the shees of tinfoil which extend bevond the two ends,
are bent back upon the ones above (Fig. 63), and contact
iz established by aid of springs which press against these
parts; or, better yet, the extremities are bent back upon
themselves and solidered to wires, so as to establish a better
contact,
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Nowadays, condensers are often subdivided and pro-
vided with terminals which permit the use of sections
separately or in groups, so as to vary the capacity.

The subdivision can be made in equal parts or according
to any progression. The best combimation to adopt, be-
cause i1t gives the greatest number of combinations, s the
binary series: 1, 2, 4, 8, 16, ete. With four sections this
serics gives all the combinations from 1 to 15, while the
decimal senes: 1, 2, 2, § gives onlv from 1 to 10. and
equal sections give 1 to 4. The grouping of sections is
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aiwavs made in parallel; the terminals are formed in differ-
ent wavs. In the model shown in Fig. 64, all the sections
have one of their terminals connected o a copper strip, 1;
the vther terminals are connected to blocks, P. A plug
placed in B connects the corresponding section to the
circuit ; at A, on the contrary, the section is short-circuited.
The plugs which are placed in the holes, A and B, are some-
times replaced by sliding contacts pivoted on blocks, B,
and coming in contact with 1 or 2.

From what we have seen of the rdle played by the
condenser, it is easily understood that it 15 very desirable
to be able to adjust the capacity.

31. Dimensions and proportions.—I{ we knew the law
of disruptive e.m.f. as a function of time fur a given inter-
rupter and the law of the secondary discharge, it would
be possible to calculate a complete induction coil; the cal-

e w— 1 B

T R R

o,




o g

108 INDUCTION COJLS,

culation would not differ greatly from that required for a
commercial transformer, but since these facts are lacking,
it 15 but a delusion to make the calculation, and one must
have recourse to empirical methods in determining each
design.

Nevertheless, there are some indications which may be
deduced from the theory and requirements of construc-
tion. First of all, the length of the secondary coil cannot
be less than the length of the spark which it is desired
to obtain, unless a construction analogous to that of
Rochefort is used. The length of the body of the coil
15 then determined.

Furthermore, it is known that the efficacy of the pies
decreases from center toward the vxtremities and that for
the proportions generally used, the iron core should be
at least twice the length of the body of the secondary coil.
The ratio of the length to the diameter should be between
10 and 15 if the best results are to be obtained.®

*lt has long been the custom to specily a certain ratio of core-
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length to core-diameter, when the most faverable results are to b
obtained from an induction coil with an open magnetic circuit. Some
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Therefore, we can write, .
Length of body of secondary > I
The length of iron core = 2 [;
Diameter of core = %I Lo l;;;a’;
wherein ! is the length of the spark.
These dimensions can be altered afterwards if necessarv.
Primary windings should be made of wire of such size
that the heat, * R T, liberated should be radiated without
danger to the coil. It is good practice to work the pri-
mary copper at a mean carrent density of from 1 to 2 am-

time ago, the writer attempted to establish some definite relation
between the fiux density in the core and this ratio.  Results of tests
on two sets of cores were plotted with the ratio of core-length to
core-diameter, as shown in Fig. 64x. The black points represent
a line of cores one inch in diameter, and of various lengths, while
the white points are for a line of cores four inches long. and of vari-
ous diameters. 11 is evident that there i< no simple relation beiween
the flux density per ampere-turn per inch-length of coil, and the
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ratio of core-lenglh to core-diameter.  Fig. fidn shows results from
the same tests plotted with the ratio of core-length o eef coreama
Itisimteresting Lo nute that under these circumstances all the poings
arrange themselves along a given straight line.  The test datn woere
tnken fromm an article pubdished in the Elcrreal World, Decemibier
14, 1907, by Professor F. W. Springer. 0. A K.
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110 INDUCTION COILS.

peres per square mallimeter; but the cooling being almost
nil, the total quantity of heat liberated should be quite
small. This necessitates in larye coils, or where the length
of wire is considerable, the increasing of the diameter of
the wire so as to obtain a total resistance as small as pos-
sible. 1t must be remembered that hysteresis playvs an im-
portant role in the heating of large coils, and 1t 15, therefore,
necessary to reduce that part of the heating which i1s due
to copper loss,

The number of turns on the primary varies with the
value of current to be emploved; it is always good to
reduce this number, so as not t require too large a number
for the secondary. An important consideration enters
here: The encrgyv stored in the coil which is a function of
the number of turns. The necessity of increasing the
volume of the iron with a length of spark, requires an in-
crease in the power of the coil. Experience shows that
the iron 15 worked at a mean induction of about G000
gausses; this induction is close to that obtained in practice
when the magnetizing force 15 about 100 gilberts:*
0.4z NT
g !J’ N

the length {' of the primary col 15 generally from 0.8 to
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Assuming this lasi expression to be constant for coils whose core-
length is equal to fram 10 o 156 times the diameter, and plotting
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0.9 that of the iron, From this equation, we can get the
practical value:
i
N = 64 R
the length, /, of the iron being e:-cprass'mi in centimeters,

and the current value, I, in amperes.
Under these conditions the coefficients of sell-induction

y . |
of the primary winding, the core having a ratio, FE between

10 and 15, mav be expressed as a first approximation by,
L =80 N*dx10*;

N being the total number of turns when the diameter, d, is
expressed in centimeters, while the coefficient of self-in-
duction is given in henryvs.

The number of primary turns being determined, 1t 12
next necessary to obtain the number of secondary turns.
There is no rule for determining this number. As a prin-
ciple, it can be assumed that the ratio between the number
of turns {coetfficient of transformation) increases with the
length of sparks. In accordance with the known law,
that the ratio of the number of turns is also that of the
e.m.fs. of induction.  Therefure the difference of praential
to which the dielectrics of the primary and condenser are
submitted, ncrcases with the disruptive voltage i the
secondary, and it is necessary to increase the thivkness of
these diclevirics if the coefficient of transformaten s left

this v¥alue with the ratie of coredenpth (o net core-arca, W gel a
straieht Noe paralie] to the vaaxie (Fie G4n ) Thes line interseeis
the line, foamd by exporiment. ab a point corresponding 10 8 o
of lenth 1o asea of about 110 25,

From thi= it appwenrs that the eguation given by the author can-
aot be appiliesd 1o all eoals whose core dimensions fulfl the soequire-
mient that the corelenath be [moan ) o 15 times the diameter.
However. it i= safe 1o say that the results will Twe oo el v
corfect when thee ratio of coredensth o net oore-afica h= I=1ween
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constant. Furthermore, the em.f of self-induction in-
creasing the operation of the interrupter, is less stable,
the sparking is greater and absorbs a preater amount of
energy.

The cocfiicients of transformation employed by different
builders vary greatly. Some, like the Allpemecine Elek-
tricitats Gescllschaft, appear to have been guided by the
considerations given above; others, on the contrary, con-
siderably reduce these coeflicients. The following table
shows the great variance of opinion on this subject.

TraxsrorMaTion RaTios ror Dirrerent LeneTis oF Spamk.

Length of |A. E. G.| Carpentier Klingelfuss | Rochefort
sparks
ISeme.ecaoa...| 10O 105 L o
| e e e T 180 157 2 "
2 210 {1 - 115
W i 240 183 " LiM} a 150
B e S0 150 - n
1 1500 1=0 . o
B 420 144 o =
T cssaisar o o " " i
1040 . = - 107 -

The coeflicients of the A. E. G. appear high when com-
pared with those of the other builders, but it is evident
that if onc could obtain windings with a great number
of turns having a lower resistance, and at the same time
preserving sufficient insulation on the wire, it would be
advantageous to employ this construction: unfortunately,
the above conditions are contradicted, and there is reason
to fear that with a great number of turns the wires are
crowded, and that sparks form between the individual turns,

Whatever the truth may be, the figures in the precedmg
table show that for coils equally weil constructed and en-
joving a well established reputation. the coefficients of
transformation are entirely different, which proves the
uselessness of calculation in the design.
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The diameter of the secondary wire is generally quite
small, varving from 0.15 to 0.20 millimeters; rarely is use
made of larger wire, and it does not seem that much is
gained by increasing the size; it is preferable for a given
volume to imcrease the thickness of insulation, or the
space between the wires.

In determining the thickness of the insulating tube be-
tween the two circuits, the same indecision reigns. The
thickness should naturally increase with the length of the
sparks—it is scarcely possible to give a rule on this subject;
experience is the only guide. In addition to the dielectric
strength, defects in manufacture must be taken into ac-
count and allowed for. Below is given the dielectric
strength of a few substances as determined by Thomas
Gray; these figures represent the e.m.f. in kilovolts neces-
sary to puncture one centimeter of the substance. It
should be remembered that the dielectric strength decreases
as the thickness increases.

Glass, thickness, 1 mm. .. 0. .. Dmltct.m: -m:reng'r.h 285 kv. per cm.

SR ik I 253

o g " e 12 o 2

: " i - 1 = 168
Ebonite, one thicknesz, 0 mm, 03 - " 538
*  pwo thicknesses, | mm, 5 3 o 434
Micanite, thickpess, lmm....... i B i

In comparing these figures with the disruptive voltages
given in other places, one can obtain an idea of the di-
mensions to be adopted.  Practically, the insulating tubes
emploved for medium sized coils, giving 25 to 45-centimeter
sparks, have a thickness of several centimeters.

32. Types of induction coils.—For a long time the ex-
terior appearance of induction coils has remained about
the same as was established by the first builders: A cyhn-
drical hodv terminated at two ends by glass disks and
covered with a sheathing of chomte (Fig. 65): this evlinder
was mounted on a hase containing the condenser.  Since
the field of application has become considerably extended,
the construction has become robust, looking less like the
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forms used in physical laboratories. At present in France
a greal number of builkders place the coils i rectangular
boxes filled with rosin or paraffin. The terminals are

Fic. 85

often mounted on cbonite columns. The primary coil is
generally about the length of the box, it projects shightly

Fri i

at each vml. These boxes are sometimes moumied on a
base contamng the comdenser, amd the taterrupter is placed

i

—— . -
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at one side (Fig. 66). The use of the Wehnelt interrupter,
which design requires no condenser, has led to a construc-

tion without a base. such as shown in Fig. 67. The form
generally used in Gernmany may be charac 1erized by Fig.
r

— e s |

Fin, 65,

n - = - . L ot o=y 4
BS.  The primary is very long. it extends considerably at
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a sheathing of cbonite. The secondary coil has a length
about equal to that of the sparks, and 15 supported by two

specially formed disks which rest upon a base. A con-
struction which is often advantageous 15 shown in g, GO

=

=iy
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It consists of supporting the induction coils on two brackets
fastened to the wall.

The English and American induction coils are combina-
tions of those given above.

As can be seen, the form which a coil may take 15 not at
all fixed, and it s possible that wireless telegraphy, which
is one of the principal commercial fields of application. will

Fic. T1

conduct to eoils of more robust amd practical construc
tion; which will more nearly resemble the commercial
Lransiormer

_-'||.'|-_||r_.n_L_1_ the cmls which mav L comsnlered as L R 1] 18
the vertical tvpe represented aimost entirely at presem

by the Rochefort emls (Fig, 51 and the closed-circumnt 1y

made by Klingelfuss (Fig. 70)
The coils used in radwgraphy must often be arranged
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for transportation of the complete outfit; several models
have been designed for this purpose.  The coils are reduced
to the smallest possible dimensions and enclosed in a case
which eontains also the greatest part of the necessary ap-
paratus for operating the tubes (Fig. 71).

Finally, we may close this summary by saying a few words
concerning the small medical induction coils, The gen-
eral form of these instruments is well known; vne or two
evlindrical coils of small dimensions provided with spring
interrupters are placed in a box with the accessories, such
as dry-battery electrodes, salt. etc. Condensers are not
userd with these coils. The terminals are so placed that
the electrodes can be connected to the primary or the
sccondary., The regulation of the value of the secondary
current is made either by changing the relative position of
the primary and secondary, as in the apparatus designed
by Dubuis-Reymond, or by inserting to a grealer or less
degree, the metallic tube between the two cinants, and
in this mauner screening the effect of the pnmary and
secondary.

L

CHAPTER VIII.
* INTERRUPTERS.

33. Solid contact interrupters.—The hammer interrupter
of Wagner & Neef, such as was used with the first coils,
is to-dav almost completely discarded, but merdels derived
from tlis tvpe operate verv satisfactorily when their
dimensions are properly proportioned The gencral form
of these interrupters is shown in Fig. 72; a spring blade
made of brass or steel, carrics at one extremiiy, a mass of
iron or hammer, M ; this hammer is placed before and a short
dhstance from the core, §, of the coll. A platmum point,

p, is riveted to the spring, and makes contact with p’,
which is also of platinum and carried at the end of the
thumb-screw, V. When the screw is in contact with the
spring, the coil being connected to the source, the hammer
will be attracted to the care. This separates the con-
tacts at p and p’, thus opening the circuit. The magnetic
attraction ceases. the hammer is returned to its initial
position by the spring, thus again restoning the continuity
of the cirenit and the phenemena 1s repeated, and in this
way the vibratory movement 15 given the hammer. The
114
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amphtude and the frequency of the vibration are regulated
by the mass put in motion, the elasticity of the spring, the
value of the current, and the pressure of the screw against
the spring.

The sparks which are produced by the interrupter, roughen
the surface of the contact; thev sometimes melt and freeze
together, thus stopping the operation of the col, d'Ar-
sonval has endeavored to correct this defect by giving
one of the contacts a continuous rotating movement, in
this manner the small projections produced by the sparks
are regularly distnibuted, and the surface of the platinum
remaing intact, thus adding greatly to the reliability of
operation. The wvibrating spring 15 as usuval, provided
with a platinum point, but the screw 15 furnished with a
platinum cvlinder of greater diameter. The contact is
produced at the circumference of the cyvlinder in such a
way that revolving the cvhinder shightly upon its axis,
the point of contact is constantly renewed.  The movement
15 given to the eylinder by a small auxiliary electrie motor.

In interrupters of the Neef type, the rupture of the cir-
cuit takes place at & point on the vibrating hlade where
the amplitude 15 less than at the hammer. and the spring
is bent before the rupture 1akes place, becauvse of which
the speedd of separation at the contact is not very
preat.  For thns reason the Linut is soon reached. because
of the sparking of the interrupter which prevents the use
of this tvpe with colls giving long sparks.

The Deprez interrupter (1881) is a verv important
improvement, The fundamental idea was 1o maintain
a closed-circuit by pressure at the contacts, such that
the rupture could not take place before the current had
attained the necessarv value. In the Neel interrupters,
the vibratioms of the hammer are almost entirelyv regulated
by the elasucity of the spring and the mass of the hammer,
therefore, f the contact i not well made, the rupture is
produced at a given moment, regardless of the value of
current in the pnimary and the sparks produced in the
secomslary are, therefore, irregular.

1
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Onc of the latest forms of the Deprez interrupter is
shown in Fig, 73: M is an iron blade which oscillates about
the axis, O; the spring, R, deflected by the screw, V.,
presses the blade against the contact screw, V,: twe plati-
num contacts, @ and b, one fastened on the blade, the
other at the screw, V,, make the electrical contact between
the two pieces; the blade, M, is entirely separated from
the rest of the interrupter, it is connected to the primary of
the coil. The electricity enters by the screw, V,, passes
from V, to M contacts, @ and b, traverses the primary
winding and returns to the source. The core, F. attracts
M, and at the moment when the electromaznevic attrac-
tion is sufficient to overcome the tension of the spring, R;

vy

the blade, M, is drawn toward F and the rupiure takes
place.  The cirenit being Lroken, the spring reiums the
biade to s original position, thus closing the circuit,
It is casily seen that this interrupter permits an casy regu-
lation of the current value, corresponding w0 which
the rupture will take place, by adjusting the serew, V.,
which maodifies the tension of the spring. For a gi'ﬂ:;!
adjustment, the rupture will alwavs take place ai about the
same current value, regandless of the e.m.f. of the source,
but the frequency of the interrupters depends on the voli-
age mercasmg with i, It is also well to know that the
system 1x not free to oseillate and has no nate=al peroed:
its perid mav vary over a large range.  This ',;1?1_','.T'up1_t1'

-
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gives excellent results in experiments of short duration
in which it is possible to look after its operation. In
proluneed experiments, the current value must be greatly
reduced, because the sparks produced at the peints of
rupture will often cause a freezing of the contacts, and
thus stop the interrupter.

Theorv shows that the essential condition which should
be fulfilled by an interrupter for induction coils is to pro-
duce the quickest possible rupturc—that is, night at the
start to have a very high speed of separation at the con-
tacts, so that the spark at the contact will encounter a
high resistance.

This requirement has led several builders to produce
the rupture by a shock, allowing the hammer to strike a
spring n such a wayv as to very rapidly separate the two
contacts. This method isused in the interrupter of Watson
& King (French patent No. 286, 499, 1807).

The atonic interrupter of Carpentier acts in this manner,
and, furthermore, has no natural period of wvibration; 1t
is perfectly atonie. It is at present one of the best solid
contact interrupters made. It consists (Fig. 74) of a
strip of soft iron, P, resting in a triangular slot of a block
of iron: a coil spring, R, placed parallel with 7 pulls this
strip against a blunt ended screw, M, the end of which
s made of ivory.  The tension of the spring. K. is regulated
with the thumb-screw, M. Because of the position of
the spring, R, the displacement of the spring, PP, toward
the ¢ore causes no appreciable vanation m the tenswn:
consequently, as soon as the magnetism s sutivient 1o over-
come the tension of the spring, the stnp. . is attracted
much more rapidly than is the case when the force of the
spring increases with the displacement, The electnic
contac: 15 established between the elastic blade, L, and a
platinum tipped screw, . I by an adjustment of the
screws, B and €, a suitable distance between L oand P
iz estabdished, P will strike L at a moment when 1ts speed
is quite high; and since the inertia of L iz very small. a
very rapid separation of the contacts, g and &, will take
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place. The return of 7 after the rupture. or the re-estab-
lishment of the circuit, depends on the tension of spring
R, also that of spring L. Experience shows that it is
possible to obain a duration of epen-circuit which is very
short in comparison with the period of the interrupter.
The current value at which the rupture is produced de-
pends on the two factors given above, but particularly on

’iﬂ Illlllf.ﬁl

.'J'if{

the first. If the.current value is once adjusted, it will
remmn extremely constant.

Tins interrupter is really atonie and can be used at any
specid desired | 1t may, for example, be svnchronized |'JE‘1’-
fectly with altemating current.  Another inieresting prop-
erty of this interrupter 15, that it alwavs produces the
rupture at a given Lhme after the closine of the circunt:
this timwe 15 that which is necessary to attain a given current
value. We will see, when speaking of internal eombustion
engines, the importamce of this properiy

Fin. T4
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All interrupters descnibed above operate with quite low
voltages, 25 to 30 volts at the most. Above this point a
veritable arc 15 estabhshed between the contact points,
which will bum them, or at least, will cause the coil 10
operate poorly, or stop it entirely. For voltages above
this, it is necessary to make the break in a non-conducting

Fic. 75.

hquid, so as to smother the are. This 1s a method gener-
allv emploved in the mercury imerrupters, and has been
apphed to some solid-contact interrupters.  Among the
mterrupters of this class. we can cite three different models.

In the Radiguet interrupter (Fig. 73], the arc is produced

WESRET DA o R L
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between two picces of copper. The wupper piece 15
coupled to the armature of an electromagnet by an
elliptic spring, C, similar to those used on carriages. The
electromagnet being excited by the primary current of
the coil, the armature is raised and breaks the contact
Letween the wvertical pieces and the copper block, [,
supported by the picce, d.  The current being ruptured,
the armature and the upper contact piece fall back, re-
establishing the contact. Because of the spring, the vertical
piece presses on the block dunng a variable fraction of the
period, and the rupture is made when the speed of the
armature has attained a considerable value, thus assu ring
a sudden separation of the contacts. Regulation is made
by adjustment of the lower contact through its support, d.

The Lecarme & Michel interrupter (1902} rotates [:
consists of four brushes of thin brass carried on a vertical
shaft. When this shaft turns, centrifugal force npens
the brushes and causes them to rub against fixed copper
contacts with a pressure which increases with the speed
During the rotation, while the brushes are in contact with
the peces of copper. the petroleum which fills the re-
cepticle is rompressed.  As soon as the brushes pass the
contacts, the petroleum passes out quickly and assists in
smothenng the spark at the rupture at the same time it
couls the contacts.

In Contremoulins & Gaiffe’s interrupier. (Fig. 76) the
part which turns, is composed of a copper drum similar
10 a dynamo commutator. This drum carries four insula-
ting pieces in such a manner as to form twn large segments
and two small ones. Two brushes, formerlyv of carbon,
but at present of copper, rub against the commutator.
One of the brushes is fixed, the other movable, and it mav
be adjusted through an angle of 110 degrees about the axis
of the commutator. When the two hrushes are brought
near each other, they are in contact with the same
segment for a considerable portion of the revolution.
On the other hand, when they are on the same diameter,
they are constantly insulated from one another: between

—
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these two limiting positions, it is easy to see that by the
displacement of the movable brush, the duration of the
contact can be varied.

34, Mercury interrupters.—In order to increase the
power of the cuil, it is necessary o increase the voliage of
the source, so as to facilitate the establishment of the
current, which permits an increase in the frequency of
interruption, or the current value at the instant when
the rupture takes place. Mercury interrupters are almost
indispensable in this case.
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The Foucault imterrupter in 1= classic form (Fig. 575
is composedl of 3 horizontal beam. F. supported hy a
vertical spring. K The beam is provided at one ex-
tremity with a soft iron block. M, and the other one with
a rod, 1. orlinanly terminated by a platmum pont.
The secoml renl. B, simular 1w A, is placed nearer 1o the
spring.  The two mels plunge in glasses of mercury covered
Bueneath the iron block is places! an
electromagnet, ., operated by a separate battery.  When
the beam is lowered om the side toward the glasses, the two

with aleobol or water
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rods plunge in the mercury, or are immersed in the mer-
cury; the one, A, at the end completes the circuit of the
coil, while the second one, BB, completes the circuit of the
electromagnet; the latter attracts the soft iron of the
beam and flexes the spring, K, causing the two rods, 4,
and B, to be lifted out of the cups of mercury, thus breaking
the circuits. The beam is then returned to its original
position by the spring, K, and the cvele repeated. The
movement of the beam is thus maintamed electrically;
the duration of the oscillations depends on the stiffness

“
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of the spring. the inertia of the beam. which may be regu-
lated with the ball, 7 and also on the Jdepth of the immersem
of the rods i the mercury,  This interrupter may be repu-
lated by raismyg the entire beam svsiem with the aul of a
rack and pinion, and raising or lowermyg the cap, 8. The
mast important regulanion 1s that of the cup, A, which s
comnected 1o the eoil, Deeause 11 pernnte the vanation of
the duration of the comtact; this arrangement, which will
ln: recognized in all the mercury interrupters, is of capital
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importance. Because of i, it 15 possible to regulate in
each case the duration of contarct, so as to obtain a max-
imum effcct with a minimum amount of energy.

Often the interrupter is reduced to a walking beam and

+ a single cup, the whole being placed on the same base as
the induction coil, and the iron core of the coil being used
to attract the soft-iron armawure (Fig. 65).

The Foucault interrupter has been practically aban-
doned: it has been greatly modificd in order to adapt it to
high speed and to the rupture of large values of current,
and to the high voltage employed nowadays.

The plunging rod of the Foucault interrupter enters
abliquely into the mercury aml whips the hguid. forming
an emulson of the mercury with the insulating liquid,
and m ths way constantly changes the adjustment. In
all the present forms of the mercury interrupter, attempts
h:l"i'ﬂ' IJ['\"["II r['l.'l'li'[: Las ]'L"'I:'I:E'Ll.:'.' l.l"llﬁ- l!ﬂrl;“{'t., ‘[!‘;l!“_‘."r 1:'!_"1-' :.:11'11!'!1“
the plunging contact, or by @iving the beam such length
as to render the movement practically in a straight line.

In the Rochefort interrupter (Fig, 78) the copper blade
which plunges in the mercury 13 connected to the beam

LR - L S
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through a thin strip which permits it to follow the beam,
at the same time varying the angle. The electromagnet,
attracting the armature and a platinum pointed auxiliary
contact, gives the beam an oscillatory movement, which
can be regulated at will. During the vibration, the
plunging contact tends to deviate from a straight line
because of the centrifugal force, but the resistance of the
liquid against its large surfaces is sufficient to maintain it in
an almost straight line; the liquid, therefore, plays the
réle of guide.

In the large model of the Villard interrupter (Fig. 79)
a beam with a large radius is employed. The plunging
contact is carried by one of the branches of a tuning-fork.

Fic. T0.

This same branch carries the soft iron armature. which
plays in fromt of an electromagnet; the action of the latter
tends to draw the branches of the tuning-fork rogether
in such a manner that they are set into vibration and
open the circuit at equal intervals. The counivr-weights
placed on the branches permit the tuning of the two
branches, and within certain limats, permit the regulation
of the vibrauion number. The cup 15 made smaller at
the center where the surface of the mercury is situated,
so as to avoil oscillations of the liquid; similar srrange-
ments are j”".!'l'l'! .tTI st Ht.‘"_"]' I'Hl_‘l"l.'!'l.l"_'.' ill:[l"l".“.'.!.""|.f.'1":‘:.
Finally. to facilitate the renewal of the mercury, the base
which carries the tuning-fork and the termmnals 15 hinged

— e e ———— e ——
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on the left side, so that the whole can be lifted, permitting
the removal of the cup. A great improvement in the
interrupters of the plunging-contact tvpe, consists in mov-
ing the contact by an electric motor, and transform-
ing the rotary motion into a stright line, as is done
in the steam engine. This arrangement, which scems to
have been brought forward in Germany, is to-day em-
ployed by all builders. The eleciric motor has the ad-
vantage of being easily regulated as to speed, and gives
a constant amphtude, irrespective of the speed. The
interrupters of this tvpe arc certainly among the most
practical; above all for operation on lighting circuits. On
the other hand, thev do not readily lend themselves to
high speeds, because of the inertia of the parts which
must follow the alternating movement. The tendeney of
the mercury to follow the contact also hmits the speed in
such a manner that it is scarcely possible to utilize these
imterrupters at a speed above 30 or A0 interruptions per
second.

Another inconvenience which is common to mercury
imterrupters is the rapid pulvenzavon of the mercury,
which is produced by the motion under the action of
sparks. The mercury forms a grav colured paste com-
posed of very small globules of metal enveloped o a
black powder, duc to the decomposition of the insulating
liquid by the spark. The imporiance of this defect
should not be exagperated, because excellent results can
be obtained with an mterrupter in which the mercury is
almost entirely emulsioned in this manner.

In miving a concrete form to the description, the only
trouble is the choice. All builders produce interrupters
ol the mercury tvpe, and nearly all of these various models
are capable of mwving satisfactorv operation, Fig, 80
shows a model in which the electric motor through a crank
and a connecting rond operates a plunger gpuided vertically
the plunging contact s fastened to the connecting rod,
The connections Iwtween the plunging contact and one of
the terminals 15 made by a flexible copper strip. A fixed
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conductor immersed in the lower part of the mercury
establishes a connection with the other terminal. A
tachometer connected to the opposite end of the motor
shaft indicates at cach instant the number of intermuptions
per second.

In certain other models, and particularly in those of
Gaifle, Carpenticr, and others, the flexible stnp for the
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e —— M—"i-ﬁ-'_-._.-: e

,. e~ _jl__r_ﬁ.,.

connection to the movable plunger is done away with
There are two movable plunging contacts connected to-
pether; one is continuously immersed in an auxihary cup
completely filled with mercury, and another wm a cup
where the rupture is made.

For very rapid imerruptions, other arrangements have
been proposed; they consist in the use of a turbine which
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pumps the mercury to a reservoir and projects it as a rigid
column against metallic pieces arranged for this purpose.

The first of this form of apparatus was that of the
Allgemeine Electricitats Gesellschaft (Fig. 81). In this
apparatus a small vertical turbine pumps the mercury
contained in the reservoir. The mercury mounts in the
hollow axle of the turbine up to a horizontal disk where
it meets a nozzle from which it is projected by centrifugal
force in the form of a fine jet. This jet of mercury while
turning, encounters the teeth of a ring suspended in the
basin and insulated from it. When the jet falls upon a

tooth, the circuit is closed; it is opened when it passes
between two consccutive teeth, The interruptions are very
sharply defined, as is also the making of the eircuit, Tle
turbine is driven by a small electric motor, which is swen
at the side; or, more rarely, by a crank turned by hand.
It should be noted that this interrupter does not operate
at low frequency, The turbine will not pump the mercury
below a certain specd,  The interruptions are made in the
middle of an inﬁui:tlillﬁ hiequid, preferably aleohol.  The
pulverization of the mercury is quite considerable in this
apparatus, but there is little inconvenience thereby, since
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the turbine pumps only the homogeneous mercury from
the bottom of the tank. Two fixed helical vanes prevent
the mercury from taking up the rotating movement of
the axis, and thus causing the turbine to loose its pnme.

With this type of interrupter an accidental or willful
stopping of the turbine immediately breaks the carcust;
therefore a rehostat for preventing an abnormal current
in case of stopping is not needed. The frequency of the

3
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interruptions is varied by changing the number of teeth
in the middle ring; 150 interruptions per second are eas:ly
obtained : above that, the interval between the teeth be-
comes too small and the current is not always interrupted.

Another form of the turbine interrupter is that of Max
Levy in Berlin.  In this model (Fig. 52) the jet of mercury
is stationary, and the toothed ring turms. The axis of
the turbine earries a metallic rimg provided with tnangu-
lar teeth. The mercury pumped by the turbine into the
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nozzle and is projected against the teeth, which pass acrossits
path. The nozzle is movable, and may be raised or lowered
with the aid of a handle, and in this manner the duration
of the contact can be adjusted while the interrupter is
in operation, independent of the [requency of the inter-
ruptions.

Another class of interrupters i which mercury playvs

Fic. 3.

an auxiliary role may be mentioned here, namely: The
mmterrupters with  slisdding amalgamated  comtact.  The
first of this type appears to have been constructed by
Hirsthmann in Berlin.  The interrupier represented in
1"1;:. a1 a httle different s to construction but 1t rests
on the =ame prncple. A stalality dram [astened 1o a
vertical axle turmed by o pulley, has part of 1s surface
covered by two stnps of amulgamated copper, the strips

b
ol
.t
|
LA
v md
L3
o

INTERRUPTERS. 135

are connected in the form of a triangle. Against this drum
rests a copper brush, which is provided with a hole along
its axis. The brush can be moved along the drum in such
a manner as to come mn contact with the larger or smaller
portion of the copper stnps, which in this manner permiis
the variation of the duration of contact, The vertical
axle terminates at the lower end with a small turbine
which pumps mercury into the wood cyvlinder which carnes
the brush; the circuit for the mercury is from the mercury
basin through the turbine, the wooden cylinder and the
brush. Dunng rotation, the mercury passes through the
brush onto the strip which it amalgamates, and at
the same time it assures the electric contact and reduces
the shding fniction. A spnng ajustable from the exte-
rior regulates the pressure between the brush and the
drum, The electric circuit 15 made {rom the basin of
mercury which encloses the entire interrupter through
the mercury to the brush and from there to the axle of
the drum when the brush is in contact with the metallic
surfaces. The other terminal of the circuit is connected
1o the axle of the drum. This conneetion to assure pooud
contact 15 made by providing the axle at the upper extrem-
ity with a small cup filled with mercury, in which a copper
wire connected to the termunal 15 immersed,

In all mercury mnterrupters the rupiure is made in an
msulating hquid, There are manyv dielectrics which mav
be used for this purpose, and, withour doubt, it is best
mn cach case to use the dwelectric recommended by the
builder of the interrupter.

For a long time aleohol was emploved, as recommended
by Foucault; naphiha o1l has been emploved since its
introduction by Henrv,  Pure water has also been recom-
mended,  In a general way, water gives very good results
nath low ‘l.'u'l'.éli".t”.: g L4 about 200 voli= - alwwve that recoturse
must be had to non-polarizable dielectrivs, such as alcohol,
petroleum and miveral oils, Al huvldeocarbons are de-
composed by the spark ar rupture and leave a powder
deposit, probably of carbon, which envelapes the globules

B
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of mercury and prevents them from coming together; it is
1o this that the gradually increasing division of the mercury
is due. To this should be added the effect of the surface
tension of the laver of dielectric which envelopes each
globule. When the mercury is transformed into this con-
dition after continued use of the interrupter, it must be
replaced by new mercury. A large part of the mercury
can be recovered by washing it with water if the liquid
used was water, or alcohol, with benzine if it was petroleum
or mineral oil. By heating the washed mercury agglomer-
ation of the mercury is facilitated.

35 Diverse interrupters.—Innumerable varieties of in-
terrupters have been invented, Thegreater part of them have
served no useful purpose; nevertheless, the ingeniousness
or the noveltv of the system deserve mention, if only to
put on guard those who reinvent the same things and are
tempted to belicve that they are new,

In 1855, Poggendorfl pointed out that by producing an
interruption in a vacuum, the condenser could be done
away with and a very clean rupture be obtained.

The idea was taken up later by M. F. Moore and the ap-
paratus shown in Fig. $4 constructed: this s simply a0 N of
interrupter placed in a tube from which the air isexhausted,
This apparatus has not been used; the corrosion of the
contacts is very rapid and is difficult 1o remedy.

Among the interrupters of the plunging-contact type
that of M. Margot, (1597) which may be constructed in a
laboratory if needed, should be mentioned. It consists
of a helix of heavy copper wire, one of the extrermties
of which is turned in the direction of the axis of the helix,
the other extremity being fastened. 1f the whole is placed
in a crucible containing enough mercury to cover the free
end of the helix, the total current will traverse it. The
clectrodynamic action will draw the turns topether anil
pull the end awav from the mercury, producing an inter-
ruption in the current,

In order to obtain very high frequency interruptions,
Grimsehl (1900) mounts the platinum  point, which
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plunges into the mercury, on a reed which is made to
vibrate by a current of water; the surface of the mercury
15 constantly cleaned by the current of water. Also for
obtaining a high frequency, Arons (1809) propcsed carry-
ing the platinum contact at the maddle of a vihrati:}g
wire attracted by a horseshoe magnet: the svstem should
permit the attainment from SO0 1o 1000 interruptions per
second.,

In his researches of 1837, Page used a copper star, the
points of which dipped in mercurv. The idea was taken
up again in 1847 by Hofmeister, and in 1900 by Ducretet.
This method is excellent for a short time, at the end of

‘Iﬂ-‘hiﬂh the pulverization of the mercury is so rapid that
it is impossible 1o make practical use of it.

The imterruption of the current by the separation of
two lavers of mercury has been tried: M. J. Luhne (1900)
tak_ea a hollow insulating cvlinder cut along a peneratnx.
This evlinder turns on a horizontal axis, it is nearly full
ol mercury, and is partly immersed in mercury in a basin:
4t each revolution the mercury at the interior comes in
vontact with that at the exterior thromgh the slit in the
cVhnder, then the circuit is broken by the edge of the slit,
Caldwell (1900) emplovs, for the same purpose, an in-
sulating disk pierced with holes. This disk turns on a
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vertical axis and is immersed in a bath of mercury. A
glass tube filled with mercury is supported on the disk in
cuch a manner that at each passage of a hole before it,
the two layers of mercury are brought into communication.

Bary (1901) produces a fine thread of mercury by
means of a capillary tube, the rupture of the current
being produced by the action of clectrodynamic repulsion
between the elements of the current itself.

Villard (1904) passes a jet of mercury between the
poles of a permanent magnet; when the value of the
current is sufficiently large, the action of the magnet on
the confluctor is sufficient to break the jet of mercury,
which thus interrupts the current. The frequency of the
interruptions varies with the voltage and with the current
value: it may be regulated by adjusting the length of the
free jet. This interrupter, which appears to be very in-
teresting, is too new to be able to judge of its practical
value.

Working along another line, Barker (1800) places an
arc lamp in a 500-volt eirevit in series with a rheustat of
50 ghms resistance, and interrupis the circuit penodically
by placing the magnet close to the arc.

36. Electrolytic interrupters.— The rapid success at-
tained by the Wehnelt interrupter was evidently due to
its great ssimplicity, which permitted s easy construction
in laboratories. The desceriptiom should eommence with
the first muodel, which is alwayvs wseful in case of necessity
where other apphances are not at haned.

In its most simple form (Fig, 421, the Welnelt inter-
rupter is composed of a platinum wire, a few tenths of a
millimeter in diameter, soldered 1o the extremity of a
glass tube; the latter is filled with mercury in which a
copper wire is immersed 1o make connection w*th the
positive pole of the batterv. The glass tube 15 innmersed
in a jar filled with acidulated water, or some other clectro-
Ivte. A sheet of lead connected 1o the negative pole
forms the cathode of the svstem. The surfice of the
platinum which 15 in contact with the electrolvie, must
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be proportioned to the value of current which it is desired
to obtain, and also to the coeflicient of self-induction of
the arcuit, and to the e.m.f. of the source. The heating
of the platinum wire often causcs the glass tube to break.
It is often more advantageous to solder the platinum wire
to the heavy copper wire, and to place the two in a tube
of glass almost closed at the bottom, having a hole just

Fio. 85.

suflicient to allow the platinum wize to pass. In order
to avounl the corrosion of the copper. it is well 1o varmsh
" heavily,  With this arrangemen: the length of platinum
in contact with the electrolvie is casilv regulaed

The interrupters now on the market differ from this
simple model only by their more robust and appropriate
construction.  In the models of Siemens & Halske and
Max Levy (Fiz. 83), the platinum wire emerges from a
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porcelain tube placed in the center of a jar containing the
electrolyte. A movable thumb.nut is used 1o adjust
the length of platinum in contact with the elecirolyte.
The cathode is a sheet of lead carried on the side at the
base: it is sometimes rolled on the porcelain tube so that
the two electrodes are fastened to the cover, the jar serving
simply to hold the electrolytle; an arrangement analogous
to the last was employed in 1808 by E. Thomson and R.
Shand. In order to prevent corrosion of the metallic
pieces, there is provided at the top of the porcelain tube
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operator. The simple movement of a switch suffices to
place in the circuit the anode, the surface of which is
suited to the result to be obtained.

We have seen the inconvenience caused by the heating
of the electrolvte; in order to avoid this, a cooling coil is
often immersed in electrolyte and traversed by cold water
(Fig. 87); in this way the temperature rise is controlled,
Tl'his arrasgement, which is useful for prolonged opera-
tion, may advantageously be replaced by a jar of large

an overflow by which the liquid which mounts in the tube
can escape.

The adjustment of the anode by moving the platinum
wire in and out of the clectrolvie requires the presence of
the operator near the interrupter.  This condition 15 some-
times difficult 10 satisfv; for example, in radiography it
may be necessary to spare the patient the noise of the
interrupter.  In this case instruments using several anodes
of different surfaves are emploved (Fig. 8G), the terminals
being conmected to a switchboard placed near to the

5
-

dimensions when the duration of operation does not exceed
an hour,

']'1?1: svstem of Jirotka Levy is intended particularly for
continuous |.1;s{_'r3:En1':; It consists of 1_'r_rr1:!urt1:r|.g :'II:IﬁIJ'i' Lhe
anode a current of air which cools it, drives awayv the steam
bubbles and regulates the action, The anode is fixed at
the curved extremity of a glass tube, the opening in
which is large enough te allow the passage of the current
of air sent mto the icbe by a small eleciric fan  This
syslem appears to produce a saving in electrical enerpy
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If, on the contrary, it 18 desired to operate at low voltage
{12 to 30 volts), it is advantageous to emplov a warm elee-
trolyte. The model by Carpentier (Fig. 551 is designed
for this purpose; it s composed of an adjustable anode
mounted in a glass tube aml placed in a lead cell forming
the cathode., The cell is covered with felt and incased in
a woiden box, so as to prevent cooling. The electrolvte
is heated to 85° or 95 cent. before filling, or is heated in the

Fic. 83.

cell by operating the mmterrupter at high voltage. This
interrupter will operate at very low voltage and hot
sparks of relatively low [requency analogous to those of
the mercury interrupter can be obtained. Operation at
low voltage and high frequency mayv be obtained aceord-
ing to Rzewerski, by directing a2 current of diluted aciid
against the anode, so as to aveid the formation of gas
bubbles. By this means that author is said to have ob-
tained 430 interruptions per sccond with 24 volts,

¥ -
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Among the various forms of Wehnelt interrupters,
that of J. V. Pallich may be cited. The anode is formed
by a steel wire from one to two millimeters in diameter,
and the cathode with a copper wire of from 3 to 4 millimeters
in diameter, the two electrodes being enveloped in glass
tubes almost to the end. The steel wire is used up very
rapidly, but it is necessary simply to move it forward in
its tube.

The arrangement of Gaiffe-Gallot is intended to remedy
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the ill effects caused by the wear of the platinum anode
which is always produced when operating with alternating
current.  For this purpose the platinum wire passes freely
in the insulating sheath and rests against an insulating
support, so that its length is determined by the distance
between the support amd the end of the sheathing; this
distance may be adjusted at will by moving the sheath
up ordewn,  When under the action of the current the plati-
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num wire becomes worn, it descends by its own weight, so
as to always rest against the support. '

Interrupters of the type Simon-Caldwell, as we have seen,
have the advantage of being symmetrical; therefore they
lend themselves readily to use with alternating current, and
give equal intensities for both hall-waves.

in the model shown in Fig. 8% an electrode of lead is im-
mersed in the outside jar; the other electrode is placed in
a porcelain tube, the lower extremity of which is pierced
with two small holes. All the heating is produced in the
narrow part of the electrolytic conductor—that is to say,
in the holes. The result of this is a rapid disintegration of

Fie. 90,

the porcelain at this point, the hole increases in diameter,
and the tube must be renewed.

Certain builders, in order to overcome this annoyance,
usc a larger hole in which a conical needle of glass can be
inserted,- s0 as to regulate the size of the opening.,

A vers important fact which should always be taken
into account, 15 that the lquid rises continually in the
cell of small diameter; it 18, therefore, indispensable to
provide an overflow which will return the electrolyte to
the outside.

An imeresting model was brought eut by Rubmer in
Bechn, wineh eonsisis of 1w small c“}'I:i:'lllrir:ll vells, A and B
(Fig. 8ih; the two fAat walls are pierced by a hole which
cstablishes commumication between the two cells. A space
is left between the two walls in which a porcelain plate, F,

i
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also pierced with a hole corresponding to thase in the walls,
can be placed. In this way the diameter of the hole can
easily be varied by changing the porcelain plate; also, it
can be replaced when the size of the hole has become
enlarged through comtinued operation.

The liquids which may be employed in electrolytic n-
terrupters are numerous. The most common, and the one
which gives the best results, is sulphuric acid diluted from
2P to 25° Baumé. This solution has the disadvantape
of liberating, during operation, an abundance of wvery
corrosive acid vapors, which limits its use to laboratories
which are well ventilated, or, requires that the apparatus
be well closed, so that the vapors cannot escape, except
by a tube leading to an alkaline solution.

Concentrated solutions of caustic potash, or soda which
have also been recommended, do not have this disadvantage,
but the results obtained are not as satisfactory as with acid,
and also the liquid is very corrosive. Thus to avoid this
inconvenience which frequently oceurs in medical application
the use of a saturated solution of erdinary alum or sulphate
of magnesium is recommended.

The fields of application of these different arrangements
of interrupters are as follows:  For a low voltage, 10 to 30
volts, the Wehnelt with warm electrolyte at a temperaturce
near boiling. From 30 to 120 volts, the Wehnelt with a
cold electrolvte maintaining the temperature by artificial
coohng if the imerrupter should operate comtinuously,
Finallv for operation at about 120 volts, the Simon-Caldwell
interrupter appears to be preferable; it commences to give
good results above 50 volis,

47, Interrupters for alternating current.—In order to
operate on alternating current, interrupters should be able
to synchronize with the frequency of the current emploved
Of those interrupters which have no natural period, the
atomic anterrupters of Carpentier, for example, mayv he
aliusted for this purpese: 1t suflices 1o regulate the tensicn
of the spring. I this way it is possible to oltain either
cne spark each penod corresponding o one of the hall-
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waves, or a spark for each half-wave. This adjustment interrupter produces one interruption per period; it acts, t
is very delicate aned a little difficult. Tt can easily happon therefore, as a current rectifier, ]"
] in the case where there is only one spark per period, that Turbine interrupters can be driven by synchronous motors,
E, the polanity of the half-waves in which the interruption so that the interruptions will oecur in each half-wave ; or, if it
| 15 produced should change and, thercfore, the polarity 18 preferred, discharges of the same polanty can be obtane:d
“ of the secondary woull also change, by suppressing half of the teeth on which the mercury jet :
] Villard has constructed a special interrupter for alter- falls, The A EG. have designed a turbine interrupter
' nating current (Fiz. 91). The tuning-fork which he em- of this type (Fig. 92); the motor 15 direct-connected to the
] plovs for continuous current is here replaced by a simple
l vibrating strip fastencd at one end and carrving at the |
i other a contact which plunges in mercury; this strip passes l||

Py

1 before a solenoid fed with altemating curment taken from

the same source as the current which is to be intermapted,

g‘i

It is, therefore, polarized aliemately in one direction, and,

then in the other: and, since it i mounted between two '1i
i poles of a strong permanenmt magnet, it is attracted first l'

by one pole, amd, then by ibe ether; it vibrates svnchron- shaft of the turbine, and the motor 15 so mounted that it
é ously with the alternating current. Tl -.4.1._-.1.-..;E iz fed i| can be adjusted theoagh o cerntam angle wih reference o
i (rom a small transformer inended 1o sive o the move the turbane, sooag to prediee the interrapten ot the monent
f ment of the vibrating strip the necessary retard, so that of maximum current valoe, A hand whecl i used Lo stan

| moement when the current value is a maximum. This Electrolyiwe interrupiers operate with aliermating current

i
; the rupture of the Gireuit will alwavs be made at the the motor.
L]
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as well as with continuous current, and this 15 one of the
greatest advantages which they possess. However, we have
seen that the Wehnelt interrupter gives very different
eflects, depending on whether the platinum wire is anode
or cathwle.  This property is utilized to obtain discharges
which are nearly of a single polarity; in fact, in many cases
this result is attained; the half-wave, where the platinum
i5 cathwde, being very nearly suppressed; this suppression
is, however, not complete enough for radiographic work.

The Simon-Caldwell interrupter being svmmetrical,
gives erual discharges in cach direction: these discharges
are alternating and cannot be used directly with cathode
tubes.

Since in many places alternating current only is avail-
able, the problem of exciting induction coils with this
kind of current often presents itsell, particularly for
medical work. Independently, of interruplers operating
directly on alternating current of which we have just
spoken, wmethods have been tried which permit the
charging of storage batterics from the street network, so
as to obtain a direct current for the induction coils after-
ward. We will not treat the most rational method,
which consists in transforming alternating corrent to con-
tinuous by means of synchronous converters. or by motor-
generators; these installations do not come within the
scope of this work., However, we will examine some
svstems which in certain cases may be of service.

Several forms of electromagnetic rectifiers have been
proposed, among them that of Koch constructed by
Hirschmann. They all rest on the properties of polarized
relavs. A strip ¢f soit iron polarized by a permanent
magnet is submitted to the action of tweo clectromagnets
fed with alternating current: each of the electromagnets
successively attracts and repels the armature when the
current changes inside. By its movement, the armature
reverses the conncetions of the charging circuit to the
storage batteries, so that they receive pulsating direct-
current.  These rectifiers require a very delicate ad-

E—— .
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justment, The phase of the current in the electromagnet
must be such that the reversal of connections is made at
the moment when the alternating c.m.f. passes through
zero, 5o as to oblain a proper utilization of the energy
and to avoid sparks at the contacts. This adjustment
is obtained by means of choke coils and condensers.  The
Villand interrupter and the turbine for alternating current,
if they are properly retarded so that the rupture of the
circuit will take place at the proper mument, may be
used for the same purpose.

Another solution, more simple, is furnished by the elec-
trolytic valves, the practical success of which is due to
Pollak. In an electrolvie in which a sheet of lead and
a sheet of aluminum are immersed, the clecineity will
pass casily in the direction from lead to aluminum, while a

ETT

very considerable em.f. will be necessary to pass it {from
aluminum to the leasl; in other words, the aluminum
anode opposes to the passage of clectricity an infinite re-
sistance as long as the e.m.f, is below a value which varies
from 20 to 200 volts, according to the nature of the elec-
trolyvie.

From this it is seen that a cell containing an arrangement
of this form 15 a veritable valve lor alternanung current,
letting only the electricity from one side pass, stopping
that from the other. In practice, in order to ohtain
better utihzation of the energy by emploving both half-
waves, four similar celle are interconnected, as shown in
Fig. Wi, It is easily scen that the current can always
exist in the circuit, and that the branch in which the re-
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cavers are placed always carries a current in the same
direction. Various electrolytes may be employed, but use
15 frequently made of alkaline phosphates. Practice has
not yet sanctioned the use of this apparatus; we can only
call attention to them.*

*At the present writing (1908), the electrolvtic aluminum recti.
hier is used extensively for supplying direct current to storage bat-
terics, small motor generators, induction coils, etc. They are built
to operate at current values up to 30 or 40 amperes. Rectifiers
used in connection with induction coils are often composed of only
one aluminum cell.  This one-cell form dues nut rectify the current,
but simply suppresses one-half of the current wave producing a
pulsating direct-current.
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CHAPTER IX.

SPECIAL APPARATUS.

38. Tesla transformer.—Together with the induction
culls such as have been treated up to this point, mention
should be made of certain special apparatus which differs
more or less from the induction coil, but which has a
pomnt in common with it; namely, the production of sep-
arate discharges, cach forming a serics of damped oscilla-
tions.

With the high-frequency apparatus of which Tesla dis-
covered the pnnciple, we enter into a very important
ficld. We will not go very deeply into this subject, anid
will content curselves by outlining the principal systems
so that their operation may be understoed.

The principle upon which the Tesla coil is based, cen-
sists in introducing high-frequency currents from the dis-
vharge of the condenser into the winding of a special trans-
former; the condenser being charged by means of an in
duction coil, or a transformer of low frequeney and high
tensin. The apparatus may be connected in two wavse
Luth pointed out by Tesla in 1891, In the first arrangement,
synnnetncal connection (Fig. 94)—the circuits, 1 and 2
reprresent etther an mmduction coil, or a commercial hiel
voltage transformer. The coil charpres two condensers.
€ and C', which are connected to the primary, 3, of a
high-lrequency transformer. A spark-gap, A B, s con-
nected to the termumals of circunt 2, and the balle,
A and B, are brought ¢lose enough together so that nu-
merous sparks mav form, but precautions are taken 1o
prevent them from forming an arc,

What takes place may be explained by supposing the
transformer, 1, 2 15 an ordimary vluction cotl, P, 05
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gives a rough idea of the phenomena. During the estab-
lishment of the primary current, [,, a small value of sec-

I I

Fia. 14
I. Symmetrical Connection. 11, Connection with One Condenser.

ondary current is produced ; but as we have seen, the e.m. f.
15 not suffivient to produce a spark between A and B.
At the moment of rupture, the current, £, takes the
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well known form: oscillations of the onder of a hunilred
or thousand per second, rapally damped, are produced
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in the circuit charging the condensers, € and €’, anl
circulating at the same time in circuit 3, which is connected
to C and €'. When the condensers are charged to a
sufficient potential, a spark is formed between A and B
which produces a sudden wvariation in the charge of the
condensers.

At this moment very rapid oscillations are produced in
circuit 3; they have a period which is determined by the
capacity of the condensers, C and C*, and by the coefficient
of seli-induction of circuit 3. These oscillations are damped ;
they may be completely wiped out at the moment when
the following spark is produced between 4 and B. At
each rupture of the current, [,, there may be a greater or
less number of sparks at A B, each of them giving birth
to a group of analogous oscillations, and the current in 3
has a form similar to that of 1,.

The current, 1,, evidently has not the regular form indi-
cated here; as each spark at A B of the primarv-current
curve should contain a dip analogous to those shownin
the oscillogram (Fig. 31). The value of the instantaneous
currents, f,,, which exist with each spark should be con-
siderable in comparison with the value of 1,; in fact, the
sparks in 4 B have an extremely short duration. Thev may
be oscillating. but their period is infinitelv shorter than
that of the oscillatons of 1, because of the cocfficient of
self-induction of the discharge circuit is much smaller than
that of circuair 3. It is not an exaggeration to say. because
experience proves it, that the instantaneous value of cur-
rent mn the spark may in certain cases attain several hun-
dred amperes when the maximum of 1, is not one ampere.
The difference between the instantaneous values is caused
simply by the difierence in the duration of the phenomena.

The hmgh-frequency current produced in circuit 3 is
more exactly a current of veryv short penod, because it is
casy 1o sec that the duration of the useful phenomena
(that of circuit 3) is a verv small fraciion of the total
time. The necessiny of demonstrating the phases of the
phenomena forced a considerable alteration of Fig. 95,

——— mam i cmmm mn




154 INDUCTION COILS.

we will tryv to re-establish more true proportions.  Suppose
that the interrupter emploved has a frequency of 50 per
sccomd, that is, a period of .02 second; an ordinary coil
with a capacity, such as uwsually employed for the Tesla
currents, gives a secondary peniod of oscillation of the
order of 0.005 seconds (about 0.01 to 0.001 second). The
sparks at A B are produccd only during the first half
oscillation of 1,, then it is necessary that the potential be
greater than a certain value; the useful phenomena lasts,
therefore, during a shorter time than this half oscillation,
We can say without exaggeration that the duration is
very much less than 0.001 of a second-—in this case much

1 .
less than i of the total nme.  The mean leneths and the

capacity of vircuit 3 being given, the oscillations which
can be produved are probably of the order of a millionth
of a sccoml.  We have no idea of the magnitude of the
damping in this circuit; avconding to calculation, it would
be very hitle; but it is probable that there are other causes
of loss of energy than the Joulean effect, the electric radia-
tion for example,

The cmf. generated in the secondary circuit of the
Tesla cuil (circuit 4) has the same form as 1,, but lags one-
fourth of a penod behind this current.

The sceond arrangement imlicated by Tesla (Fig, 94)
i5 provided with only one comdenser, and the spark-gap
15 in serics with the eoil, 3. The operation of this arrange-
ment 15 very much the same as that of the first. The two
methods give results which differ very little, but the first,
from the point of view of security, has the advantage that
one may touch circuit 3 without danger. In case an arc
forms between A and B, coil 3 may be carried to a dan-
gerous voltage; in the case of the second arrangement,
while under the same conditions, it is insulated from the
low-frequency high-tension virvnit when the first system
15 emploved.

The Tesla transformer consists essentially of a primary
circuit formed by several turns of heavy wire; the diam-

o RN
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eter of these turns may lic between 5 cm. and 20 cm.
The sccondary is made up of a larger number of turns of
wire, a hittle smaller in diameter. The ratio between the
number of turns varies according to the service; it may
vary from 2 to 20; the latter figure is seldom exceeded.
The two circuits should be well insulated from each other
and made up of large wires covered with a thick layer
of insulation. The insulation between the two circuits
often consists of a glass tube. The whole is generally
immersed 1n oil so as to increase the insulation and to
avoid encrgy losses by radiation.

It may seem astonishing at first that such a small co-
efficient of transformation will permit the production of
such high e.m fs. in the secondary; it is known that with
a spark between A B, which 1s but a few millimeters long,
a spark between a and b can be easily obtamned which is
from 200 cm. to 25 cm. long, using a coeffivient of trans-
f[ormation of only 3 or 4. This phenomena 15 casily ex-
plained : With each spark at 1 B, oscillations are produced
in circuit 3 and a very high em.f. of self-induction is
produced in the circuit; the condensers, €, C’, are charged
and their cm.[. is, at each instant, equal and opposed
of the c.m {. of circuit 3. We have—neglecting the damp-
ing of the ostillations and calhing E, the difference of po-
tential between A and B ¢ the difference of potential
across the condenser: ¢; the e.mof. of self-indductiom, and B
the resistance of the circuit:

:u:f..-f.-=], fa.-ESEHML

¢ = ;—'EI-R F sin (wl - 3)

L I~
Ty =EIR— E sin ( i -'LT)_

It is casv to see that the smaller K. the greater the ratio
of ¢ and ¢, 10 . In the high-frequency transformers, the
e.m.[. which 1s multiplied by the coefficient of transforma-
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tion is that which is produced in circuit 3, it is ¢,, and not
the difference of potential, E, applied to the terminals of
the condensers, C, C*: the magnitude of E simpl y deter-
mines the length of the spark at 4 B, and there may exist
between the terminals of circuit 3 a difference of potential
very much greater. For instance, an induction coil

. could be placed in shunt with circuit 3 and obtain

between a and b (Fig, 96) sparks several centimeters lonz,
d’Arsonval uses this arrangement: he suppresses the
secondary of the Tesla coil, and utilizes only the differenze
of potential which exists between the terminals of a coil
of large wire, which is made up of a few turns and forms
the circuit. 5. The results obtained under these conditions
are absolutely the same as those which are obtained with

a b

il e

Fic. s,

the Tesla coil; they differ onlv in value of the e.m.f., which
is naturally verv little,

Where the arrangement of Tesla or d'Arsonval is em-
ployed, one essential condition must be ful filled ; namely,
the sparks at A B must be white and crackling; above
all things, the formation of an arc must be prevented
This condition requires special provisions, because with a
short gap generally employed between A and B, the air
becomes heated very rapidlv, and the high tension of cir-
cuit 2 tends to establish an are.

One of the means employed at the beginning by Tesla,
consisted in extinguishing the spark by the aid of a strong

current of air directed between the balls, A, B. The
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second means consisted in utilizing the action of a mag-
netic field on the current—that is, the magnetic blowout,
The balls, A, B, are placed between the poles of a strong
electromagnet, the lines of force being perpendicular to
the direction of the sparks; the poles of the magnet must
be protected from the discharges by means of heavy
plates of mica. The magnetic blowout is more affective
than the air; the latter has been much simplified by
d’Arsonval, who instead of blowing the air between sta-
tionary balls, moves the spark through the air. In the
d'Arsonval system, the balls, A, B, or the rods which re-
place them, are mounted on a small electric motor which
causes them to describe a circle from 10 cm. to 20 em. in
diameter; the sparks form in this manner at different
points, and the duration of a revolution is sufficient to
allow the air heated by a spark, to regain the temperature
of the surrounding air, before a new spark is formed at
the same point.

Another arrangement brought forward by Messrs. d'Ar-
sonval and Gaiffe, consists in connecting between the
terminals of circuit 2 (Fig. 96) an auxiliary condenser and
connecting the same terminals to the spark-gap, A B, by
means of two resistances.

In order to prevent the formation of an are, it is import-
ant that the balls of a gap be as highly polished as possible;
cach spark corrodes the surface where it forms, and the
roughness thus produced facilitates the passages of discharpes
and leads the disruptive e.m.f. rapidly to the formation of an
arc.

In the majonty of high-frequency svstems, the length of
circuit 415 about the same as the length of the wave of the
oscillations developed in circuit 3; if by proper adjustment
of the capacities. Cand ', alength of wave is obtained which
i5 equal to four times the length of circuit 4, stationary
waves will be developed in the latter (Fig. 97, 4): i one
of the extremities is connected to the earth, its potential,
FE. 15 zero, but it carnes a maximum value of current: on
the other hand, at the free end of the circuit, the values
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of the current is zero, but the potential is a maximum.
When resonance does not exist between circuits 3 and 4,
the difference of potential obtained between the balls, a
and b, is less; therefore, it is advantageous to tune the two

A
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circuits in order to obtain the greatest effect with the least
amount of energy (B, No. 48).

30. Resonators.—An apparatus introducd by Tesla is
emploved to a great extent to-day by medical men and is
known as the resonator.  Although the effects produced are
quite comphcated, they can be reduced 1o Tesla transform-

Fic. 98,

ers, in which the circomis are simplyv insulated in air, and
in which the tumng between the primary amid the secondary
arciut 15 exactly adjusiod, -

The first resonator built, that of Dr. Oudin (Fig. 95),
consisted of a large el 5, formed of Trom 50 to 160 tums
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of heavy bars of copper wire, wound on a wooden core, and
separated from each other by a few millimeters of air.
One of the extremities, A, of the coil is connected invan-
ably to a condenser, €, while the sccond condenser, C’,
is connected to a shding contact, O, which may be adjusted
along the turns of the resonator. It is easily seen that by
proper adjustment of the point, O, the coefficient of self-
induction of circuit 1 O can be regulated in such a manner
that the oscillations there developed will have a length
equal to four times the length of the circuit between O and B.
The inductive action produced between the turns in A QD
and those n OB, determunes the production of stationary
waves; the potential av B is a maximum, brush discharge
being produced at this point, and if n is approached by a
conductor, sparks scveral centimeters long will be formed
If the point, @, is connected to the carth, the law of distn-
bution of potential and current represented by Fig. 97, A4,
will approximately obtain; but if any point in the circuit
is touched, equilibrium is destroved. In this apparatus
the effect obtained is the resultant of two actions: namely,
the induction of the tumns of the parnt, A O, on those of the
part, O B; and the oscillation produced in the part, O R,
by the varation of 1the current at point &, If the part, A O,
were placed so that the mutual induction between A O
and OB was zero. the phenomena would still exist, but 1
would be constderalily reduced: 1n such a manner it would
be possible, the tumng beng established 1o cut the eol at
the point, @, without interrupting the operation of the
ﬂl:lpﬂ'rﬂl us.

In order to permit the best possible utilization of the
comsulerable current value wiich exists 2t the node of
the petential in the resonator, withom changing the adl
justment of resonance, Captam Fernd introduced a sym-
metrical apparatus i which the resovant arcuit has a
lengih equal to a hali-wave.  In this svstem. which resem
hles vsactlyv that of Tesla, the mductor aremt, B, (Fig, Y
i= formo! by a single turm of the same s2e as the secondan
ums of the cuil, 3, but completely msulated from them
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The coil, S, is cut in two equal parts, and the connection
between two parts is obtained by the aid of a body which
is to be submitted to the action of high-frequency currents:
the blocks, P P’, or appropriate conductors, serve for this
connection, In order to adjust primary oscillations to ex-
actly double the length of the wire of the coil, the capacity
of the condensers, C and C’, is adjusted. The distribution
of potential in the two halves of the coil is symmetrical
(Fig. 97, Bj, the conductors, P, P’, are at a zero potential
in such a manner that the electrified body cannot be insu-
lated from earth. It can be touched without causing
the least disagrecable feeling, which is contrary to that

PP
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C [ gl
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Fic. 99,

which takes place in systems where the clectrified body is
carried to some potential; in fact, the current value is a
maximum at the points, P, P’, where it is necessary to pro-
duce the useful effect. In this system resonance is regu-
lated so as to remain alwavs under the most favorable
conditions, but in order to varv the value of the current
according to the needs, the primary turmn, D, can be dis-
placed so as to varv the coefficient of mutual induction
between [ and 5 57,

The loss of encrgy in resonators is considerable, because
the oscillations developed in air circuits, presenting a
large surface, produce about themselves an intense radiation
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of energy. This Tesla tried to avoid by immersing the
transformers in oil.

40. Diverse systems.—In ordinary induction coils, energy
is stored in the primary, and part of it recovered when the
rupture of the circuit takes place. It is possible also to
store energy in a static form by charging a condenser 1o
a sufficiently high potential, and discharging it in the prim-
ary circuit of the coil. This arrangement appears 1o have
been emploved for the first time by Norton & Lawrence
(B. No. 31); their method consisted in charging a condenser
of large capacity, € (Fig. 100-1), on a circuit of e.m.f, E,

=
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and discharging it afterward into the primary circuit of
an induction coil by means of a commutator K, driven
by an electric motor.

"Sometime afterward, Tesla (B. No. 36) proposed an anal-
ogous system in which the revolving commutator was
replaced by an automatic apparatus composed of an electro-
magnet, 5 (Fig. 100-2), excited by the discharging current
of the condenser. Dunng the charge the electromagnet,
S attracts its armature, M, but as soon as the condenser
is charged, the current ceases in 5 and the armature, M
falls back and discharges C into the primary of the ecil,

Assume a condenser of capacity, C, charged by the
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F'm'I". E' the qugﬂlit}' of electrcity which it econtains
is C E; il the resistance of the primary circuit is R, the
value of the current, [, at the time of the discharge, is
measured, '

f=viLC-FR (%,

We assume here that the resistance of the circuit is small
enough fo give an oscillatory discharge, as has already
been done. We may neglect completely the resistance of
the circuit, the value of the current, I then bicomes,

c
;| = EJE Ei:l'l ;"’;?'T f.

Tl;e discharge produces in the secondary circuit an
:-nll L ]

thn} maximum of which is produced at the beginning of a
discharge at the time. ¢ = 0; its value is,

M
Comar = l' -r

that is to sav, the e.n.f. produced is proporiional o the
charge voltage of the condenser. multiplied by the coueffi-
cient of transformation of the coil. It is, thercfore im-
portant to mercase this coeflicient, if for a i.'uns.[.ml: pri-
mary voltage, it is desired to increase the sparks,  Although
f‘h" capacity does not enter into (e cquation of the ¢ :n.{

:.LL _i:-'. MECCSSArY 1o} take it into account practicallv, hw:-:uls.qlr
if it is too small, the encrgy stored will dﬁappuﬁr ::r:t:n:l].:
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in losses—joulean effect, hysteresis, brush discharges, elc.

When dealing with condensers of sufficiently large capac-
ity, it is preferable to charge them in parallel, and dis-
charge them in series; if, for example, there are s con-
densers of capacity C’, the maximum e.m.f. produced will
be equal to,

M
£ e ™= m-j: E.

The necessity of employing condensers of large capacity,
which retain the charge and are capable of resisting high
voltage, is the reason why this method is so little used;
the advantages which may be obtained with 1t are more
apparent than real; experience shows that energy ex-
pended in the two cases is about the same. The only
serious advantage which is possessed by this arrangement,
is that it permits the use of from 110 to 220 volts and
more, without the use of rheostats which cause a great
loss of energy.

Finallv, we will mention an arrangement by E. Thomson
(B. No. 35). which differs shghtly from the classical in-
duction coil, but which does not appear to have been
used. This arrangement consists in utilizing a current from
an ordinarv distribution cirewit, that 15, more than 100
volts, in a2 primary winding made up of relatively fine
wire, and interrupting this circuit with a rotary inter
rupter. The rupture produces a high value of current
in the secondary circuit, which is made up of heavy wire,
and this current is in turn ruptured by a rotary contact.
By suitably choosing the moment of rupture of the cur-
rent. there is developed, in a third circuit of very fine
wire, a verv high em.f. It is difficult to judge without
experience, the value of this arrangement.
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CHAPTER X.
USES OF INDUCTION COILS,

41. Installation and regulation of induction coils.— The
source of encrgy available often determines the choice of
the coil, ur. at least, of the imterrupter; reciprocally, a
given coil destined to a given service, determines the choice
of source,

When a continous-current distribution system uperating
at 1 or 220 volts s available, the largest enils van casily
be operated with a liguil interrupter. or an clectrolytic
interrapler, i1 15 not 5o casy umder these conditnins to use
a small ool with dry interrupters.

If it is desired to operate o cull emploving a low voltage
(less than 50 valts for example) from a distribution svsterm,
two rheostats, A and B, mav be placed in serivs between
the comductors {Fl,‘.! T aned the vorl visuecTes ] in shunt
with one of them. The size of the rhenstats, .1 and B,
may v chosvn when the fllowing conditions are LIven:

M coil should vperate wah an i, E, less than the
e.md, of the dimmbution svsiem: o] satslactory apera-
Lot of the veal demamds that the value of the carsent at
the mwment oF raprure e at hedist ciqual £, 1t s easy
to see that these combitions will be sultilled i, .

Kom £ (--F)

i ; s :
e two rhesstats should e capable of varrving a
B X e urrentl of

g
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; f Ra+ R
&= .__H- .
for R.. an!
I,
-f - _"1
" Ry
for R,

Under these conditions the difference in potential, E,
varies between E, and E, = R/, so that the establish-
ment of the current requires a longer time than in a eircuit
where the e.m.f. is constant at E, In order to avod
this difficulty, the values of R, and R, must be caleulated

F 3
o
R
E: B
e 1

(1)

Fiz. 1l

beginning with a value shghile greater than the one which
it is desired 1o attain, by waking, jor example, £, o quarter
greater than the necessary value

This s a voatly expedient. It s better, whenever possible,
o use storse battenies charged from the distribstam system,
and whee .L.-n: remam oonnecied T the chargige oo
when i use (Fig, 1001-20; the expeshture of vnergh s he
same, couniing the beses in the batteries, as tha abtained
when using aosngle rieosiat, Ky i ITIEECUEY eI T
(Fig. 10t

When @ mereury termipter 15 used oonod continuous-

i

current <istributivn cmewit, 11 Ras been shown that the
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value of the current mnst be himited 1o a maximum, by
means of a rheostat (g WY -3}, or a circunt-Lreaker, :«Ir
as to prevent the destruction of the coil, in case of stufs-
pagre of  the mtermuper. or too long duratim of eontact,
The wse of a cireuit-breaker is preferable from the poing
of view of efliciency, but s uperation s not alwavs sure,
and one may be obliged] 1o use a rhewstat.  In this case
the resistance of the rhesstat must be such as o allow the
current to exceed the himit, £, so that this value will be
rapudly attained.  The more rupid the interrupter, the lesy
the value of resistanee connected i it is desiresd alwavs o
i?lt-r?qu the current ar the value, Io: from this it resulis
that lor o cortam speed the resistance is no o
Lo prrotet the n'n.:ill N vhse of snnmmgq;,"n t1_.~":,:_.:.5:5:::t :1::
have recomrse 10 a cut-ont, or a fuse.  This latter 111;:.'1"5
i stll << sure becqus tie vilue of current ar whieh 1t
melts s very variable, and also the renewal of 4 fuse requires
a longer time than the rephiwcme of a circun - breaker

Excepting the regulating rheostat, all paarts of the circut
shomthl have as low g pesist i as possihle: the connectine
wires shoubl be of Taree diameter aned well insulined - wir:-
!.'ll‘u'l'rl| with robdwr, whah = only msid  for hghting
mstallatwms, 3 very wowl for this Jrurpese; a di;il.mvt-:r
of 2 mullimeters iz very satisfactory for anlinare  coils
which regmire a mean curront of fremn 5 1o 1y :u;:pcn-s.
OF N

When o primary condenser soparale from the cofl js
}H:,:ii'. vare must be taken to connect the comilenser to the
sterrupier with large short wires: aveiding turns and beneds
this provaution is of capntal importance.

Th“ power absarbed by a vl depends on the Juration
of its opweratiom. A @il capasle of carrving a mean current
aof from 15 10 20 amperes for 4 fow mimnutes, should senerallv
not b werked a1 more than 5 AMywres l'rlt:|1il1|1r-u:~;]'l.'-_ ln-:':mi.e
of the heatmye of b, PRy it aned of the jren ..-r-r
I shoub] not Ine formtton 14 1he HEOr Y of coils ]'..-u-a.-l
small Guwilities for sonling and that there ;.-1 e ddaneer
uf destroving them by heating.  The normal conditions
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of operation should be miven by the builder; or when these
mstructions are not availalde, they should be deternuned
expenmmentally in the following manner:  The coil is put
mio serviee wnler certain conditions and at the end of a
certam time the resistance of the primary 13 measured,
stoppang the conl just long enough to make the measurement.
When this reststance has increased 20 per cent . which cor-
respomeds o 50° C temperature rise, the experiment must
be stoppual 1o await cooling.  According 10 the rapidity
of the temperature nise. 11 15 possible to deternune whether
one s operatng the cotl rear its normal capaity, or not.

The direction of the primary current in the ¢l is penerally
of nv impontance: it is deternined entirely by the direction
of the seeomdary current which it is desired to ubtamm,  In
onler tosletermine the direction of the latter, o spark-gap
formed Twtween a poimt amd a plate as we have scen, or a
spark Between two wires can be obgerval.  The whitest
part 12 a1 the nevative pade: this last means cannat be ems-
ploved when the coll furnishes non-condensed sparks of a
red or vellowish tine.

With N ray tubws, the dinvtion of the current ean be
Ml d o the aspect of the 1abe atself. Ian thizs means
has lintle to recommend 312 80 12 better not oo make vonmee-
temi<. unitl vme 15 assured of the direction of the cumrent;
in this way deteniomatvm of (e tube is avonlod

In a eceriain nember of felils of applivation, wircless
telegraphy, radiography of hiving bodies, ete., roe 12 obliged
to connect ane pole 1o the groumd; the question arises az to
the limit to which this proceeding may be carned without
danger.  From what we have scen the insulitom between
the prrumary and the secondary 1z at least capabde of ressng
a lenzth of spatks equal 1o one-hall the maximum which
can b provluced by the coil, since it 5 the normal eomud.
tee which this ansulation i=2 submitted: bt of one of the
sevoanlary ternunals 15 conneciel o caniin the e may
become doulid]

I ome termmnal 12 1o be connected 1o canth and e max-
mum fength o sparks emploved, operation i@ Jdangeroazs, un-

—— T S 8 . S e i e
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less the coil has been especially constructed for this connec-
tion,  In the majority of cases, the connecting 1o varth
may be made withont danger, because 1the i, emplivesl
m this case is much less than that whivh the insulation van
resisl taking, for example, a col giving dikem, gparks
connected 1o antenna Lor wireless telegraphy: thanks 1o the
capacity of the amenna, one rarely obtams sparks gecater
than 10 em. between the balls; therefore, the insulition
woull not be in the least endangered by connecting 1he
pole opposite to the antenna to carth. T would be the same
if one was excitimg an Xoray tube, the cquivalent spark of
which is- 10 em. lonyg with a coil giving 25-cm. sparks. In
a general manner, vne can alwavs conneet one terminal 1o
earth when the maxmmum operating ¢ nuf. corresponds 1o
half of the maximum ¢ m.f. which the el is capable of
prodducing; above thi= o, cols espocially built for the
purpeose must be ussd

Al svmmetrical ¢oals when one of their termunals 15 con-
neeted to earth, show o change m the aspect of the spark .
it bevomes whiter, nere crackling, because of the inerease
m the secomdary capaenny: ot appreachesthse appearance
o spaarks fromm oo anigs Jar vl

It sevmis desirable te conneet several ovils topether, w0
as toomerease e avaslatde power; there s mo precise rule
for this s, Il vosils Wt |1l-rfl1'|:, 1T woestnhe ] DR rmninet
terid whether they wese coamected in o serws v in parallel
st the energy avinlable m cach would e aeldod g thyn
of the others, 1t wonld L only nevessare 1o consider the
extenir vircuits, o reali v, the ;Jllu'm ATl 18 AT e
complex, and e appears that the parall] connectiom of
soviap lames will pive untavorable resuli<, Yoeazuse of the
tevitabde smegqualite a1 the ealss even o 1the cose where
i destred o inerenize the value o the cirrrent ;. as, for
exaanple, when chargme Tarse capaviav, the semaos conneetiom
appears 1o give better resultss When nog= el oine
erease the el b e two voils, 1 32 pecesary
ter ke the amsulatber of the eotls inte seeount. Thos
comneelien 1= only pessible tor small eotls i whaoh the mapor
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insulation between the primary and the seondary is generally
considerably  greater than is strictly necessary,  With
large coils, it is not pussible, without danger, to exceed
the e, which woubl be permitted when one of the
termueals is prounded.

The primary circwits of the coils should preferably be
connected 1n serics. because the interrupters will stand an
mercase in voltage Iwtter than an invrease in the value
of the current: however, if one is dealing with a battery
containing a limited number of cells of large current capac-
iy, 15 impossible to Jdo atherwize than to connect the
primarics in parallel.  Whatever be the connection adopted
only one interrupter should be emploved. and the change in
the coctheient of self-induction should be taken into
aceount, since it requires variation in the capacity of the
comvlenzer if the most favorable results are 1o be obtained.
In onder 1o obtain a greater useful effect, it is necessary
that the total eneryy input o the comnecte] primaries
should Tw greater than that which one ool van absorh.

The regulation of imterruplers iz a very impuortant pronit,
upen winch, unfortumamicly, i = not jesstble o give
generil instructions Referring to Chagaer VI where 2
varnty of menlels ane Jdicuseed, gome directeons as o ther
use witl Le foumd I* <hoail® bwe Baoppine iy aseed et the
regulation of mterreiaers 15 bwefore all o mdier of cut and
try anl of experivioe . ml 3188 alwavs pretencide 1o follow
the m=izuctems e by phe baeelder

4L Charging large capacities.—T i3 roequin ment 18 often
et sevielavs mowendess telegraphy and e ceneration
of Hurizian waves @ mnvral, 0 she proelu then of Tesla

et tonte anid am epec o

Wi o veal 35 e charge o Lizce capue 1y o) fornish
o osjuerh nloeach rdtante, the conlonser o tee vhanoed ja
commneted chireet!ys 0 the temminzls of e seeondary
wisline  whi h case i ooetened T ahe wun s s o Gllew,
Thiry azd practioe Beely show saar e Yeswnth of ke

sparks whinh van b oltaine! 2 the mone peluee] the

greater tHe vapaers I o2 deaiped g dejermine in
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mlvance the comditions o be fulfille] in onder o obtam
a piven result, it is possible—knowmyg  the coellicient
ol self-indluction of the primary, the capacity of the sec-
omlary, the disruptive em.. which corresponds to the
desired spark—to use the cfficieney cquation given in
Chapter VI; the maximum secondary e, E,. is:

.I;
i

By 1

It shuuld be noted that g, is generally smaller than 0.5.

This equation is in error when the sevondary capacity
15 an antenna, because energy is radiated into space, and
it s impossible 1o know the efficiency: the above equation
is true only for condensers.

In charging large capacities. it s not meCessary o use
conls v very long sparks: @ s preferable that the see-
ondary be wound with comparatively larse wire, so as to
obtimn a low resistance.  Between twe coils having the
same coefhicient of selfanduction in the primary, the one
having the lesser sevondary resistanee should be chosen
even though, without capacity, it gives a shorter spark

Induction coils jrtended for wireless solesraphy should.
for the reason given abawe, possess oither things being,
el a low sevonedary, resistance: they shoubl e very
well nsulated, sitee they operate alwavs with one er
mied grounded, and Lelse cause hivh [P ie vy currents,
whih are the myore Jestrncnve for indus tion coils than
low-irequency currents. The smallest faa't between 1wn
consecutive secomlary tums may not be notived with or-
dinary discharves, Tt when operated winh  condensol
sparks, mmmedunely proadnee a short-cisene

In spwectroes ot s also e ivantageous tooemploy cls
with liw-resistance windings, 3115 wever MUCERSArY Lo
abam hme sparks, and i iz thevessiry, on the vontrary,
When conlense] sparks are oot aasl, o ohtain a sort of
a very hat an

I labwratories aml batase nemrs, 1t 18 Sometimes mevies-

sary Lo charee biree Iatierns of Levilen gars having o
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very large capacity, aml it i netessary to oblain sparks
of the same length as these which the coll can give alone
in this case. it is impeessible to connect the battery WJi-
rectlv o the secomdury terminals, beciuse then a Very
:;hun- spark would be obtamed ;) it muss be charged by
means of several successive sparks in osuch a manner as
progressively to clevate its potential 1o the necessary
value, The connections {or this procedure are shown in
Fig. 102, The interior pdates, 2, of the condensers are con-
necte] as well as possible 10 the negative side of the coil
(the lisses of energy by rahation are Le=x in this cased;
the exterior plates are vonnected 1o the positive pole
throuch a gap formed by o point, o and a plate, P, The
distanee between the point, p, and the plate, P, 18 long

==
ZE )

Fuz. 102,

=

ennugh to mive clear whoe sparks. At each discharge
betwern p aml /% the ]l-lh*'.ﬂi..il of the «on lensers rises,
the sparks at first being very full, bevome thinner: then,
when the disruptive et vorrespomsding 10 the distance,
B, iz obtained. a burning and Juminous <park is formed;
the Jischarges at po P avain become meore intense, and the
battery 1 recharged.  The number of spuirks at po P
necessary o obtain o bschange ot B dejpends upon the
capacitv of the condenders and the spark Jdistanve at 8
The rssential condition to be fulnilled, s thoat the gap, oo 10
be very unsvmmetrical, s a3 to prevent the discharge of
the :l-';l'ii.'r'lil.".'*-'- e thae e

13, Radiography and radioscopy.—Radiaraphy and its
derivatives, which are often known un ler the more general

name of * rliolosy,” consitate wslay one of the prin-
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cipal applivations of imduction voils.  The subject is too
broad to be treated here: it requires development which
extends bevond the domain of the engineer, and since
there exist numerous amd good works on this subject, it
will not be attempted to do more than give a few puints
which have dinct bearing upon the induction eoil.

If a cathode tube s placed in shunt with a spark-pap,
it is well known that there exists for cach degree of vacuum
a distance between the electnsdes of the gap for which
a discharge will be produced with equal facility, either
at the spark-gup, or through the tale.  This delinite length
i5 called the vipinvalent resistanee of the tube ™ or, more
exactly, the " viquivalent spark.”™  Since the nature of the
rays emitled varies with the degree of vacuum, it is neces-
sary 1o know exactly the length of the equivalent spark.
amd it should alwavs be measore] with the same uap;
this gap may lw formed by two small rods mounted at
the terminals of the induction ol and arranged to allow
adjustment of the gap. It iz alse possible 10 use a g
consisting of a pwint and a plate This is an excellent
seheme for temperary installations, ecause it permits the
revogiinlon ol the direvtear of e current, before von-
necting in the tiobe: the tube should be connecte] with
its cathode to the plate after having seen that the spark
pasgses from the point to the plate.  Care should alwavs
be taken to determine the direction of the current, before
vannecting the cathode tube, Ivause the reversal of the
polanty of the wiw will damape it

In o general way, 1 1s known that a tube having a short
equivalent spark, cmints rays of small penctrative powers
which traverse hones with difficuliv. amd consequently
give negatives wih very great comtrasts, On the con-
trary. when the equivalent spark ncreases. the ravs
become more and more Penetmlive. the negatives are
morye gray, bt Gerls of the Bones ane obiainel.

The equivalent <park measured between the terminals
vanes from 2em. or 3 em., and 10 em. e 15 em.; it mancdy
exvesls 200em From this ot should got be conclnded that
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a coll giving 13- or 20-cm. sparks, is sufficient; account
must be taken of the requisite power.  In France imduc-
tion coils gmiving from 25- 1o 45-cm. sparks are frequently
employed; in other countries, notably in Germany, st
larger coils are often used; it is Jithicult to say which is
better, because it all depends on the tubes emploved.

The length of the equivalent spark being known, it re-
mains to measure the effective value of the current through
the tube and the frequency of the Jischarges, in order to
defing exactly the conditions of operation. Such com-
plete measurements are rarely mande ) moreover it s quite
ditficult to measure alternating currents at this frequency;
hot-wire instruments alone are capable of giving ndica-
twns, amnd they are rarely suflicienuly sensitive,  In prac-
twe. the mean value of the pritnary current is measured,
This permits one o judge approsimately the operating
vunditions of the coll.  The frequency of discharge is not
always known | however, with the majonity of interrupiers,
it 15 quite constant under fixed comditions. 1t suffices for
example, to keep the e.mui. at the motor terminals of ntor-
mlermpters comstant i onder to nuontam approximately
conslant spead.  Interrupters provieded with a tachommeter
are convenient in this case, With vibrating interrupters,
the conditions of operation are determined solelyv by the
voltage of the source and the mean value of the current,
s that 1t is necessary for the operator to have some ex-
perience in order 1o be able to recugnize when a favorable
adjustment has bween obtained.

As means of regulating the current. the ordinary metholds
are avalable:  Voltage of the source: resistance of the pri-
mary, and duration of contact. Use 15 often made of imduc-
ton coils in which the primary winding consists of several
cotls which may be connected in serws or in parallel, as
mentioned in section No, 27,

In radivgraphy slow interruplers. more or less recular,
pving few strong Jdischarges, may be used; but for radio-
seopy, the speed must be sufliciently high to constantly
fiwht the screen. A frequency of from 20 to 25 sparks por

e
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=
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secoan] appears to be oo momimum ; below 1lns the seintilla
twn of the sereen remders observations very Jditfieult and
very fatiguing. Also. bevanse of the <antiflation, 1he
disvharees should b very regnlar, Ameong the mercury
interrupters which give the best resulis m this respect,
are the turbine interrupters; atonie interruplers are (o
Le preferred among the drv interrupters

It s sometimes nevessary Lo conmect the positive sl
of the voil to groumd, so as to avend a shok, which woull
result from the comtact of the patient with the tule:
from what was sail above, it will be seen that this ground
can be made withomut inconvenience in the majority of
cases, sinee the length of ihe equivalent spark is rarely
greater than half of the maximum spark whwh the coil
can prewluee.

The equivaleat resistinee of a Githoede Tube differs ac-
cording to the direction ot the current: 1 15 a2 minimum
When the electrode, whah by comstenetion is destined
to b the cathode— that 1<t say, the chctnade having the
greater surfiave—is comms el 1o the nesati pesde wf the
coil bt the resistance is not infintte in the reverse dipee-
tion.  In =me cases there s very il dsforence. The
result of this is that e =edl valoe of the com g preslueel
when the eirewit is vhs=l which s meeloilde gk far o=
sparhs are vonverned, e proedoee tnoaocathende il g
shht discharge, Dot suste wnt, nevertholess, o proslne
ancther source for thee comssem of Xoravs, which may
interfere with the wiuige <btims), aml als 52 vapable of
deteromtimg the tabw s ot < amportant, tlheretore, o jipe-
tevt the tulwe agaist corvemt prosiuee ] ey o Josine the
Circuil

Many operators protect $hor tudves b mcans of Villaned
cathvnlic valves (Furo 1020 0 these are tles i which the
cithteede, 5 02 the form o a helix of Taree aluminoen
wire, aml the amade o osmall disk of the same mretal, o,

e eraslyis PR ETU e ater el enraavely gl i (vtoeaemit Bt i
in rasdioenoga el rooliowseapds Plaew sore sl st oot ragaed, sewk can
operale with ligher corrent voloes tam oghers
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placed at the end of a narrow tube.  The cathodie valves
have the property of being extremely unsymmetrical ;
when the wire is cathode, the lengih of the equivalent
spark is about a millimeter, while it is about 10 em. when
the wire s anode. Tt s casily understood that by placing
one of these valves in serics with the tube 1o be protected,
that the cquivalent resistance in the correet direction is
but slightly increased, while in the uther direction, it is
consulerably increased.  As shown in Fig. 103, the wire,
S, of the valve should be connected to the anode, A, of
the tube.

The vse of alternating currents is often ubligatory, because
of the great number of distribution svstems which furnish

r ey .HLli

alternating curremt onlv. In wsing cathode tobes, iU s
tevessary that the deschasees take plave o the same diree
tion: thereiore, ome of The Bl waves must be suppressed,
or the rurrent must b rectified.

In suppressing ome of the half-waves, vuse mav be made
of an mivrrupter for aliermating current. which gives a
single intestuption [r prreed s as for example, the Villard
i1ll1'r1'1=§-‘.r:' ar the s:rll-']'l.'--:m-n.*i-:n--t--:l' turinne mierrupler.
Bt ois adse possible b commet in the Prunary circuit, one
or twe chaoamdene valveos which will allow current unly
m e dizne sion dvan kee? b adlumanunt, and offer an al
st nsusmeamtabibe s m the otler Jireetion
The wee of the vatlie b = alve et e sham with the
sevlary. pives the saie results 23 an aluminum valve
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i the primary circuit The Wehnelt interruptler gives a
seeomdary current whiwh is more or less unsymmetrical,
acconding to the conditions of the cireuit; when it is used,
it 15 well to connect a cathode valve in the secondary 1o
climmate more completely the reverse current. E}'-em-
ploving rectifiers, the availlable power is increased, sinve
buth half-waves are utilized.  Mechanical rectifiers have
been practically abandoned; the same result can be ab-
tamwid, either with electrolvtic valves connected like a
Wheatstone bridge as was shown in section 37, or with
four Villard cathode valves connected in the same manner,
the cathode tube being connected on the diagonal,
Whatever be the method preferred for rectifving the cur-
rent, the use of alternating current presents itself in two

Cs
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forms. Employing an anduecten coil as a simple trans-
former: or as a coil with an interrupter. The first solu-
tion 45 rarely applivabile, bivause the transformation ratio
of erdinary coils 13 too small  For instance, a coil giving
d)-em. sparks, having a transformation ratio of from 150
Lo 200, aml a coetlivient of self-induction «f 0.03 henrv,
when vmnected to a Mmvolt, S0-cvele circunt, will _111.‘:1‘
only from 16,000 to 22000 volts; that is to sav, a spark
froan 2 em. o 3 em. bimg at the most  This method e,
therefre, apphicable only with special cotls having larpe
transformutlym ralioes,

It i possible 1o greatly increase the emf. by using an
arrangement of Villand (Fig. 1040 The secondare ter-
minals iare connected o 1w condensers of conselerabile

capacitty the other se1 of condensers Bueing connected by
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4 tuhe, or by a spark-gap, B: the alternating discharges
of the coil traverse the condensers aml give sparks of
certam length at B, Il a cathode valve 1s connected in
shunt with B, it will form a short-circuit [or currents n
one dircction, in the same manner that the sparks will
become umited directly; but, furthermore, because of a
phenomena as vet little known, the length of the sparks
which may be obtained in B will be increased considerably
they are sometimes doubled.

The direct use of alternating current is not general.
In most cases recourse is had to interruplers, so as to raise
the secomdary em.f. to a suthciently hizgh value.

14, Ignition.—The spark furnishes a convenient means
for igniting explosive mixtures: 1t is used in laboratones
for gas analysis with the cuwhometer: it is used for lighting
gas lamps, but at present the most important field is the
ignition of the explosive mixture in gas enmines,

The peneral principle of operation of these engines,
espevially the four-cvele tvpe. which 15 almost universally
emploved to-day, is well known, After the explosion,
the piston is driven forwand: the evlinder a5 flled with
burnt gas; when it arrives at 1he end of the stroke, a valve
is opemd, and the pistom returming, doves out the gas,
Amther stroke fowand < produced I energy stored m
v oa suitable valve gear. the

the admi=zea valve I'I-!'l|_'\l'|'!1_|:!:

=

the Nv-wheel, afier whiel

pdd

{_'_'Hh,il.'l"-ir \'LIE'\.'I.' i_"'h I.']ll'?-nl"'ll. o Bl [
durnge this siroke the paston draws i the explosive 2ux-
ture. then it returns, stull Jdrven by the Av-wheod,  Pur-
ing the thind siroke, the exslogsive mistore 12 comprossed
in the evhimler. anmd at the momemt whin the pressune
15 o maximun the enatea ast be poedueal; the oxpldo-
siom drives the piston forward, producing the energy of
Ll mator.

The mvament of jeniteen must e aecnrately determined,
otherwise el pesmlts w0l bee o], Fize, 103 shows
an meliestor Siaeram of o spams motor taken by Hesparalior-
Carpentivr for three Genitean peams. Inocurve 3, the

wrmtion 1 produved tow seen, the spark 1 toy mdvineed;

i it i




178 INDICTHON COILS.

the curve shows dist metly that the ignintem point occurs
before the end of the stroke; the maximum pressure at-
tamerl is consideralle, I produces a violent cxplosion,
dangerous for the motor, and in spite of tiis, the arca of
the dingram, which s well Enown to Le propartional 1o
the encrgy developed, is less than that obtained with cor-
rect wmtion (curve 2). I, on the contrary, the ignition

e ——————————u — R
/

——— ———
P

]

Fin. 103,
1. Late Ipnition. 2. Correct lgnition. 3 Eurlv lgnition.

15 late (vurve 1 the spark sakes Mace when the paston is
on its forwand stroke, the jressure of the mixture 15 al-
ready dimimshed, the area o the iagram s reduesd s at
the emd of the forward stroke, the pressure of the burnt
sas s =0l preat enongh at the nement when the vahaust
valve g, {uo let ot rases wlaeh are too i and which
have not hud ume to expand and produce useful work.
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The problem may be staned as follows: To produce at a
precise moment an the travel of the piston, a spark capable
of nitimg the mixture.  The moment when the spark
shoull take place varies with the motor and with its speed.
The igmtion of the mixiure 15 not instantancous: i1 takes
place at a speed of abuout 5 meters per secoml, o that in
order 1o obtain a maximuem effect, the spark must take
place a hittle before the passage of the dewd point.  For
a wiven muaor and mixture, this advance has constant
value; however, for different speeds, the advance of the
spark must be changed: this necessitates the adjustment
of the whanee wheel when the motor is in operation.  In
reality, motors of low or mean speed, in order to give good
results, should bave a nearly vonstant advance of the 5pari{;
il the nugorny of these motors are provided with a device
for varving the advance, it 15 because the spark does not
take place at the momem when the cam prosluces the
rupture: there 15 a retard whwh vanes acvordinge wo the
CITCUIMSLANCCS

The preasion with which the spark shoulid be proviveed
is for neelern motors of the order of a thovsandih of a
secomed s therefore, spracial provantions muest be taken to
obtain sparks which are very regular,

The neaent when the stk <should he Ir]’rhhu L e
mined by o sechanism, gonerally a cam, whivh oloses the
primary anveis of an indacien ool providad with an
ordinary imterrupter, ur the ool 15 not interrupned. and the
cam priwiuces the rupture

Consulenmyg the first arrangement (Fiz. 16, 1he eircuit
15 closed, the current established in the primary. and the
attraciiom of the armature of the interrupler vjens the
circuit, and a spark % procdoced,  The conditemsz 1o be
fultfilled are az follows: The cam muzt hold 1he ci=cuit
L']:lF.rlI E"T H B :-'-uji'n-n.-:u Toe gl 1 cufeen {ir b E5e
tablishesd i 1% il the i:lh-rlu]-'.r-:' shoull rn jaciently
uniformallv, <o that the iterval of the clsing ot oy
cuit by the cam and the spsok will be agoronshy constant;

if this 15 not the case, the spark will take plive 19 soon
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or o late, producing gnition umder conditions  disad-
vantageous to the motor

In order 1o obtain wnnl results, two methods are usedl
The use of atonie imterrupters, which imerrupt the current
al the end of equal perionls when the conditions of the
circint do not change: or the utihzation of very high speed,
vibrating irt'li.'l‘I‘l.l[ﬂT.‘T.'-'-. o that the retand or advance pruo-
duced by an arregular spark will renioun within suitable
Itz of time.

The ordinary vibrating interrupters have the serious
defect of remaining in vibration during the interval of

Fras. 1M,

two chsures by the cam, =0 that the ruptore 12 in advance
or retanl, according as the clsure 15 proslog et during the
movenient of the hanmmer towand the vore. or inversely:
the spark 1= very weak or zeneom the first ciese, bevause the
currestt has net time 1o attam a sullicien: value, It s
scen that ths mesnvemenoe can only e aveaded by using
very Tngh gpweed imterrupiers

The spark advanee lover permatg the va=uten of the
mEtant o choesiee 1l a0 thiat 1l -1'.!1']-: alwivs
Pk ‘|I1.l|1' Al Ul alissimes b oovm sl nit - dge v estadsnp 3o+ t i -Eur._-,-

tiwn of the establishoent of Current m e il 1t s pos-
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sible to have a greater or less apparent advance, and the
closing of the circunt may take place long before the end
of the compression stroke, while the spark s produced at
the dead point. When the speed changes, the constant
duration of current establishment corresponds to a dil-
feremt fraction of the stroke; thercfore, il 15 necessary to
vary the apparent advance in order to produce the spark
at the same point in the stroke; in starting, it is necessary

P

1 (1)
L[ v

i 105,

to wive the spark a large apparent retard, so as to avoeid
the pozsibility of reversing the engme

When the ruprure 15 produced by a cam. the scheme 1s
that shown in Fig. 107-1. The promary cirvmt is closed
by the spring, R, which rests against a serew, 1. at the
eml of a tme. more or less Daog, acconbng 1o the speed
of the motor, the spring, K. sudlenly nosed by the cam,
leaves the serew amd the cizcun s broken, biecause of

connectivn on the insele of the cul, the comlenser, C, 13
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comnected between the points of rupture, thus far every-
thung is exactly as in vrdinary coils, vxeept that there is
omly one spark per revolution,  The above system s that
which has been used by the Dion antomolnle; the current
is established by the shock of the spring on the screw; on
the uther hand, in the Aster system the contact 15 estab-
lished by the raising of the spring by the cam (Fig. 107-2),
I other systems, the cam is replaced by an insulating

Jdisk, provided waith oaetallic sectors against which a
spring resis.

In suwh systems the rupture is priviuced by the move-
ment of the cam.  There 12 a0 neesd o acdvanee the spark.
amed in practive, e wedors which are provided with thes
arcenvement, generally loove a0 fise] selvamee; there beme
provadedl o constant retan! b be ass] when starting

apark votls tur motors have Liken o great many forms
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We will not deseribe them here, but will limit ourseives
to weneral mstructions as to their operation,

Among the svstems dderived from the above, we can
mention that which s based on the * extra current ™ of
ruplure, The coill emploved is an indwction coil, the
circunt of which is elosd by a contact insilde of the evlinder
mstesul of the spark-plug: the cam praduces a sudden sep-
aratum of the contact picces, so that a spark of * extra
current * passes between them in the evhnder; with this
arrangement the current s often furmshed by a small
T T T T

A combination svstem of coil and masneto i now often
emploved; the first appears o be due 10 Simms-Bosch
firm.  The induction coil (Fig, 108) has two circuits, pri-
mary and secomlary. wound on the armaure. B, of a
small magneto dnven by the motor itseli.  The primary
circuit s closed by a spring contact, L-p, which isopened
abruptly by a cam at ¢ h revolution of the shaft: under
these conditons, the current produced by the rotation of
the magnets 3 mterrupted at the moment when 12 value
1= a0 nneximume; the comdenser, C, bemg place] i shunt with
the mterrupter, everviding takes place as in an ovndmary
imduction coil; i the secondary, 2, 158 generated a2 high
value of comcf, which s wbded 1o the much <smalivr em.i
goeneraled by the rotaten of the circunt, 20 Thiz svatem
i very simple: it odoes away with the vae of 8 primary ur
sevomedary battery: its mstallation s very easy, sinve 1
requianes enly one msnbated wire between the free ters
manil of the secomlary and the spark-pluy

In the Eisemann svatenm, the coil and magneto are sop-
arate (P W The armature of the masnety 15 short-
Circuitedd Jdunnge the major porton of the stroke: at the
menient when the cam pusses, the short-cirouit iz ojened,

aml the “vxtra curremt 7 an the primary, 1, of the voil

produces by anduction m the secomdary. 2, an emlf
sufliient o pive a speerk =everal millimcerers Ly
The mupnete sestems have the elvantaes of alwavs

bemng ready. It mol nevessary to tronble one’s <ol as
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to the comlition of primary batieries or the charge of
storage batteries; on the other hand, the magneto often
becomes demagnetized, thus causing the same disturbanves,

All systems using an induction coil, or more generally
high-tension in which the spark jumps between two points
at a fixed distance, require the use of a spark plug.  The
plug contains two metallic wires, one insulated, the other

| BN T 1 L

connected 1o the {rame of the engine, between which 1s
formed a spark of from 0.5 1o 1 millimeter in length at
the most,  The insulation between the two wires 15 gener-
ally of porcelain; although mica 15 also employed. The
tvpes of plugs are numerous, aml the differences between
them are often of little importance.  They are gencrally
for the object of preventing the eracking or breaking of
the plug.
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I spate of the short distance between the wires of the
spark-plug, the spark encounters a certain resistance in
overcoming thiz Jdistance, because of the compression of
the gas. The equivalent spark. in which air at atmo-
spheric pressure mayv be ten times longer than the spark
in the compressed gas as can be easily verified by a spark
gap placed i shunt with the spark-plug.

The spark which is formed in the compressed gas is al-
wavs a high-trequency spark: this can be shown by the
use of the leop ol wire as deseribed above, 1n section 22

The plugs beeame voveral m time with a slightly con-
ducting laver of black smoke andd ml: the result being that
the current encounters a path of hittle resistance which
resluces the e f, much below the Jdisruptive value and
when the spark 12 not produced icamom s impossible
This action is greatly accelerated when the combustion 1s
net perfect.  An acculental observation has shown that,
nevertheless, wmder these conditions a spark at the plug
may be obtained of the plug is connected to this cotl by a
broken conductor, s that a spark of from 1t 2 millimewers
= formed in the vircuit. The phewaena is due o the
tact that the avxihary spark substitures for the relatody
stow vamation of potennal. the abrupt vanation whih
vauses the discharge ar the plug: the phenomenon is analo-
gous W that produced wih a plate of tilings which was
formeriy used for inereasing the lengih ot sparks; an alier-
nating current of ordinary  frequency can traverse the
Plate without afiecting the exterior, whnle the discharse
of a Levden jar prowluces sparks at the surface, (B Xo 103

4. Miscellaneous applications.— Induction coils are used
for a great many experinients in lectuse courses and in
the laboratory the gencral directions given in the pre-
velling chapters cover many of these uses,

The operation of Geissler tubes ordinanly requires small
coils. or when large coils must be usel ther power must
e greatly reduced, otherwise the tubes mav be deteriorated
In making the Cronkes expeniments preater power is necess
sary: however, the most of them can e made with coils
piving at the wemt Whem sparks,

—
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186 INPUICTION COILS,

In all experiments with Geisslor tubes or Crookes ubwes
as with Rontzen tules, care shoubil be taken 1o fasten the
wires which vonnect the electrndes to the coill, and they
should be remvend as far as pessaible from the rest of the
tubie, so as o avoid a spark berween the wire and an-
other part of the glass, which woull punciure the tube
am! put it immediately out of service.

The productiom of ozone regquires a coil proportionate
to the dimensions of the ozonizer employed.  The opera-
lion comsists in passing a certain guantity of air or oxyvgen
between the clectrodes of the condenser charged 10 a
potential Wigh eoough to produce brush discharge. The
potential shonkl never be ruised high enough 1o produce
sparks: conserquently, the eol to be employed shiuld be
[t wonate 10 the condenser; the lilij_‘l..‘l' the condenser,
the more powerful the coil. but also the greater the guan-
tity of ozone furshed,

The classic experiment of puncturing glass, is often made
with an indoetiom eoil, When a large coil is used, 1t as
possible to puncture blocks of glass several centimeters
1 thickness: a ool giving from Atk 1o Mb-em, sparks=. can,
for example, puncture a block several centimeters thick.
When the expenment is made with o small conl amld o thon
plate of plass. the precautions 1o be taken are =omple;
vir ek sile of the glasg plate sppesite e other, are
placed twe mietallie paints, whnehe are conneetad te the
e, When the thickness of the glass mereases, parviag-
troms mmst b taken to prevent dischange over the surlace.
The sparks 1aking this vonrrse m preference o poereing
the glass. The Test means, amd the most sure, 1o employ
in thiz case, consists i delliog twa holes an the surface
of the elass, searcely 1 millimeter deep and oppeste each
wilter: then, after placinge the peanis, the entire ourhit s
mmtersed O maneral ol or petrolenm. the vessel wineh
contains the ol should e Lirge cnongh o pernnt the
eavtramee of e terminals withest Jdanger of hscharge
acress them otherwise, they must he protected by glass
tebes.  In this wav the surfiec discharges, whinh ondi-

narily prevent the punctare of the glass are casly avoideld,
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Care should always be taken to thoroughly dry the Llock
of glass, so as to averd surface discharge.

In making this experiment, it is generally advisable to
place a spark-gap in shunt with the glass to be punctured:
the electrodes being separated by a distance equal to the
maximum spark which the coil can give. This precaution
15 taken to prevent the damaging of the coil by the dis-
charge when the spark is formed without piercing the
glass.  The eflectiveness of this device has been demons-
trated; it is true also that it does not do any harm. That
which we know of coils shows that the danger of a
puncture or of a short-circuit of the coils, is more
when the coil produces oscillatory discharges, even though
they be shorter than when the spark cannot be formed:
it appears that the terminals of the coil penerally con-
stitute a sufficiently effiective lightning arrester,

A very extended application of coils concerning which it
15, unfortunately, impossible to give any verv useful diree-
tioms is that of medical coils, in which current isused 1o nro-
thuce shocks in the human organism.  For this use the coils
should be of low power and fed with low value of currents,
The models most oiten used have no condensers: the inter
mpters are of the spring type, and generally produce a
considerable spark ar the rupture, =0 that the maximum
b generated @ ihe secondary is low cnough ot e e
dangeroms. From that which we have seen in section T,
i s imdeed dilicalr 1o detine the eurrent which should I
applied in this way 1 patienis, and the proceeding is
enbirely empineal. Some doctors m order to render the
result s TmiaTe? I.'HI1I[r.'tr.'11l1l', use: cenls witlh condensers 1l
Phoving very large capacities, so as te lower the seconidar
vl and to prevent the disturbance which resulis from
the spark at the rupture.  Probably the same results can
e obtained by shuniie the imerrapter with a low re-
sstance. The imwtal sorcen which serves 1o resulate the
action of small medioal eails, plaves an analwas mole:
the currents produced w0 it oppese the varativn of the
prinmry current,
mede i this lne, 3

appears that real provress can be
the problem is omve properly stated,
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CHAPTER XI.
BIBLIOGRAPHY.

In this chapter, the majorityv of articles on the induction
conl, wlieh have appearsd, are arranged in chronological
oriier, aml wherever it is necessary, a short svnopsis of
the onginal part of each one is given, Here will be found
the analvas of the development of the ideas of the various
authors, which it was impassible to give space to in the
preceding chapers,

The svimluids used by the anthors have been changed to
correspomed with the stvle of this book as far as possible,
s as to facthtate the reading.

1. Hexwy, Professor of Natural Philosophy in the Col-
lege of New Jersev, Princeton — American Jonrnal of Ser-
ence, July 1582, First article by Henry referred to by
himselt in the Stwrgeon’s Annals of Electescity, 1837, p, 2824

2 I Nearo.— Reibdrethegune Ulniverselle, 1534, vol, 2,
P A referred to by Massan,

3. Hexev.—Commumeation to the Amenican Plilosoph-
ical Sociery, Phaladelphia, January 16, 1835, Reprinted
in Surgeonr’s Annals of Flectrscity, 1837, po 282,

4. A, Maszox.—" The imduction of a current on itsell.”
Aminrics e Physigee et Clime. 21 senes, vol, LXVIL 1847,
p. o

5. Pace.—" Method of mercasing shocks and experi-
mentz with Professor Henrv's apparatus for obtaiming
sparks and shocks from  the calorimotor,”  Stirgeon's
lanals of Fdedtricety, 1K, po 200

B Uabeax =" ohie Dest methew] of makime an elec-
tremtienet for electne purposes.”” Sturgeon’s  Anuals of
Electea oy, 1587, po 295

R
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7. Stuwceox.—Paper real before the Electrical So-
ciety in Lowlon. Stwrpeon’s Annals of Electricity, 1837,
p. 477.

8. Hexwev.—Article on the siwly of electricity  and
magnctism,  Plilosopiiical Magazine, vol. 16, 1540, -i_m 20,

9. Massox axo Hreguer, Jw—Academy of Sciences,
August 28, 1841, Awwales de Physigue et Chimie, 34 series,
vol. 1V, 1842, po 1249,

1. Fizeav.—Comptes  rendus, March 7, 1533, wvol.
XXXVI, p. 415,

11. Potcexporrr.—Academy of Sciences in Berlin, De-
cember 13, INH4, Jamuary 8, 1835, and March 29, 1855,
Discussion by Verdet: Amuales de Physigue of Chimie, 3d
senes, vol. ALIV, 1855, p. 375.

12. Foveavir.—Comptes rendus, vol. XLII, 1836, p.
215; vol. XLIIL, Julv 7, 1856, p. 44, Sociéi Plrilomathigue,
April 10, 1556, All these papers are reprinted in the
Recwedl des travane de Leow Fowcandt, 1878,

1. Foveaver.—Proces-verbunx  de la Sovictd philo-
muathigne, 1557, p, 105,

M. Jeax, —Comptes rendus, vol. XLVI, 1555, 1. 156,

15. Diesas ~Report on the purposes of the Valia prize.
Momitenr wniversel, September 13, 1564

1G5, My
lished in In0G7,

17. Dv Moxeer—" Notiee sur Pappareil {'induction
elecingue e RuhmkorT,” 51l edition. 1567, Gauthier-
Villars,

18, No—=-Les Mondes, vol. 27, 1872, 1. (0,

19, Renvkorrr,—Les Mondes, vaol, 27, 1872, P Go
An answer o the preceding article,

200 De Moxerr.—" Exposd es applications de 1'Elec-
tnete,” vol, 11, p. 235, and following E. Lacroix. Paris,
1871

20 L Movrox, ~Thesis, Paris, 1876,

Mhstory of Inducton,™ pamphler pub-

An expenmental study of the phenomens of oloetre-
dvnamie mluction. Observes the oscarilations of the see-
vidary el with the aid of a retaime contact breaker:
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the first application of this method in eleetricity. The coil
studiel by Mouton had no primary condenser, the oscilla-
tions being due, therefore, entirely to the secondary,

2P, Warno.—Euglish Mechanic, 1550,

235, SeorriswoonE.~—/"Tulmeplical Magazine, January,
1887.

M. Fresmixg.—The Flotrivian, Lomlon, Mayv 31, 1889,
p. S8,

A tentative mathematwcal theory which leads to errone-
ous conclusions.

25. R. Covtey.—Wicdemamr Annalen, vol. 44, p. 100,
1501,

The most important mathematical stwdy published on
this subjpect, A work wluch, untortunately, is hntle known,
Starting with well-known Jdillerential equations, the author
calculates the resulis: First, for the pnmary circuit alone,
taking into account its capacity and coetheient of self-in-
duction: the difference of potential at the termminals of the
comlenser and the prmary current, have the following
values:

1 .
e T I R
Al

(1} E, =]

(2 I =1l e (cos 31— ": sin 30 (aee Fig, 1),

& ooy L1
r . '.-'."LE“I F '\E-E" :I-L;.

Secomd, for a coil with a condenser short-circuited and
having, therefore, an infinite sccondary capacity. The
secompdary current 1 3s given thus!

T

i Y j "o Feos 10— ) (wee Fig, 1),

r

T~ 3

e

[T N S——
e T
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Third, for a coil with the secondary closed by a capacity
€, without taking into account the capacity of the sec-
ondary winding, and supposing that there exists no cur-
rent in this circuit, except the charging current of the
comndenser ¢. The caleulation in this case vives three solu-
tions, according to the reastance r of the seeondary circuit:

g
I
g

L
=
L

When =2 2

. the secomlary current i composad of a

decreasing current superposl on an osellitory current
also deercasing. We have also. ealling 4 the term

r -
i i

NTETT

the difierence of potential ar the seeondary terminals, E,,
and the value of the secomlary current i

. A
(4) F. = J:"!f (; b CAL B St el A .-!‘ £ s .”)-

(5) & = if'- ( I.__-“j R F." 2 g (rohdie g geut l..llh,p:“)

! Gg a8
(L =2 Ill-.
i
M, 1 .
() fiq '?';—1 ( ' = a1 J'-)

. M
(@) = T‘r"ltr f=1) &'+ cas 31 (see Fig, 1,
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- ) ; s
Finally, when P <2 — there 15 a superposition of two
L

oscillatory currents, the period of different frequency aml
different damping. We have,

. ) r
V=N
() r<2 i
3
N Arl, »F ,
(8) 1y = 5= ‘?-E—; e (':_I, etging’) - ;.:—:*" sin ,?:)
(see P 26).
. AT, ;
(= f_ {~efeosd’ 14 cus 31

iy (sce Fig, 13).

Colley verifies this theory by observations on the cnil
with a revolving mirror; he gives three very good pictures
of the phenomena.  Finallv, he also makes some attempls
to ventfy directly the form of the eurrent with the aid of an
apparatus which he ealls an " escillmeter.” which is.
although very impvrﬁ-ul. the first of the useillographs.

26. Toxm Mowr  Wicdemann Amialen, Beiblitter, wvol,
XV, 180, p o120

Measures the numlber aml the intervals between the
sparks with the aid of the revolving mirror and photegraphy.
Fuels that this interval incecases as the square root of the
length of the sparks, and also counts the sparks by making
them pierce a rapidly moving paper,

20, AwMsTroNG - Eleoioad Revieie, Lomdon, 1802, p,
L. Roval Society of London, May 15, 18502,

Makes some expenimenis in the conmeetions of eoils,
Connects as many as six cols of 20-cm. sparks in parallel,
Meazurement= auite inaccorate; the stwly s more or less
rpuzlitztsve

2% L Awrsacyar ~ Industric  dectefyne, March 25,
I=tg, o 117
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Calculates the el in the two circuits of a coill by
supposing the sccondary reaction to be zero. This eem.f
has {or a maximum value

Bl Bl

T
Oy : UL

g ans M : :
their ratio is equal to 5, that is to say, the rato transforma-

tion of the coill. Shows that the high value of E, requires
very good insulation of the primary and of the sccondary,
Notes the importance of high initial speed of separation
of the points of contact.

20, F. G. Avtsor,—Induction cotls and cosl making.
Spon, Londeon, 1896.

30. Lewis Wricnt.—The tndwction coil in practival work,
Macmillan, London, 1847,

31. Nortox & Lawrexce.—Elecrical World, New York,
March 6, 1807, p. 327.

A condenser of great capacity is connected on one sule
to the primary of the coil. and 1o one of the terminals of
a highting circuit, having an em.f. of 1N or 20 volts;
the other ternninal of the condenser 15 connected alter-
sately by means of a rotating commutater to"the other
terminal of the circuit and the terminal of 1he pnmary
coil {Fig, 100). The discharge of the condenser to the
primary sets up oscillations and produces carreats in the
secondary, The authors obtained an this manner with o
15-em. coil and a comdenser having a capaciiy of 25
microfarads, S-em. sparks on a 200-veli gnoui e
placing the primary wanhmg of the el by anoifer having
only 70 turns of large wire, they obtain sparhs 15 em. long,

42 Onereeck.— Wiedemanmn Awmden, vol, LXIL 1807,
P 19

Tries to mteasure direct v the ditference of podenial across
the secomlary by connectimg one of the terimznals of the
circuit to ground ad the other 10 an insulated brass

—
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sphere. A point placed before the sphere at an adjustable
distance, discharges the sphere when the difference of po-
tential attains a certain value. Observes that the rela-
tion between the potential difference at the terminale of
the two circuits, primary amd secondary, 15 about constant,
it diminishes when the speed of the interruption increascs,

3. B. Warrer, — Wicdemsann  Annalen, vol. X1,
ISO7, p. 300,

Gives as above (No, 28) the simplified theory of the in-
duction coil, inchuling the sccondary reaction.  Verifies
the theory by observing the form of the primary current
with the aild of a Braun cathole tube, Points out the
fact that the damping of oscillations at the rupture is
very much greater than the calculations would indicate.

3. Aroxs.—Iicdemann  Anuaien. vol. LXIII. 1897,
| L

Gives the following empirical law for expressing e roe-
sistance of the rupture spark:

l:"-]r = -l’f.';.'.

A" being the vnal resistance of the circuit, the spark in-
clwded at the timee 1, K, the inegial restist anee Before the T
ture, and = the tune which the roprure lasts between K,
and K equal 1o infinity; the time, £ varies from 0 1o =

Beginning with this expression, he caleulates the value
of the current [ and the eml. of self-induction as the
lunction of :
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35. E. Tuwomsox.—The Electrical Engineer, New York,
vol. XXTV, Julv 29, 1897, p. 77.

Shows an arrangement of an induction coil intesded to
reinforee the action of the secondary currents. The coil
has three circuits: The first is fed dircctly from a 1ivolt
circuit. The rupture of this circuit produces in a sccondary
circuit of heavy wire, a very high value of current, This
one is in turn interrupted by a second interrupter at the
moment of its maximum value. It is the rupture of the
stcecond current which produces the high emf in the
third circuit, which is of very fine wirc,

36. Tesua.—The Electrical Review, London, Septembier,
10, 1597, p. 327.

Describes an cleetrie oscillator formed by an ordinary
induction coil excited by discharges of a condenser of laree
capacity.  The arrangement is the same as that of Norion
& Lawrence (B. XNo. 31), but the roiating commu.ator is
replaced by an automatic svstem. The model shown at
this time gave sparks 30 em. long, with a power consump-
ton of 10 watts (sce Fig. 100).

Ai. Tuomas Guav.—Indusirie élecorigne.  Fobruary 25,
IS08, p, 548

Measures the Jifference of potential pevessary o peeelnee
a =park dn r beiween two plites, a1 o pressare of TG
mitthmeters (see Fig, 4,

I8, C. E. Sgixxek, —Flectricwd Wit sSoew Yark, Mareh
15, INNS, 18 i),

Measures the e.mai of a high tension transformer, pmed
determines the corresponding disruptive Jistances betsian
annealed poants. The transformer mives g praciivalls
sinusondal current wave.,  The fivuros edicated by 1l
aullor are the mean cffective values of el s obain
the disruptive veliages they shoull. therefore. all I
multiphed by o 9 (see Faes, 49 aml 500

S ML Awvacxar, —Eolairage dlech Zeane, vl XV April
0. 188, . 52

hiscusses the Wahier article (B2 Noo 300 ained calls attens
T T sonne mew expernivits: The sicesurcment o e

e LT
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difference of primary potential by aid of a spark micro-
meter in shunt with a condenser. This difference of po-
tential decreases when the sccondary is in place, even
when there are no sparks. Gives the curve of spark length
as a function of the maximum values of primary current,
Shows the presence of high frequency oscillations in the
sparks by the use of a loop connccted in the circuit (see
p. 80). Calls attention to the existence of an optimum
capacity which varies with the eoil and the interrupter
employed.

40, Operneck. —Wiedemann Annalen, vol. LXIV, Apnl,
1598, p. -1493.

Discusses the equations of Colley (No. 23) with the
hypothesis 1hat the resistance is zero for the two circuits,
which leads to:

LF

‘ru \ E

if the sccondary capacity 1s nepligible;

“} E:=

e Sl AT
. 2% L

if there is resonance between the primary and secondary,
Ll =g or,

2} .2

T

. ; L
{.” ll:'--p s .lru xl (_

if the secondary capacity is very great.

Stuilies the disraptive voltages under different conditions.
Finds by extrapolation that abost 200,000 volts is neces-
sary in orler tw obtain 1 meter spark between a blunt
negative pomnt amd a positive conductor.  Thinks that the
spark discharges and the brush discharpes are two distinet
phenomena.

11, T. Muzvxo.=--Philosophival  Magazine, vol. XLV,
May, 1898, . 417

One of the most important experimental rescarches made

vl P S ——
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on the induction coil. By a series of systematic measure-
ments, Mizuno puts in evidence the fact, litth: known
before, that for a given coil and a definite current value,
there is a definite value of pnmary capacity which gives
the maximum length of sparks mn the secondary: this
value is the optimum capacity; above or below this, the
leneth of sparks deereases. The tables in the curve which
he gives, shows clearly that the optumum capacity varies
with the value of the current (sve Fig. 15).

42 W, ' Bovxtox.—Plilosophical Magazine, vol.
XLVI, September, 1808, p. 312

A quantinative study of .the high frequency imduction
coll.  Calculations and test on a Tesla transforiner

43. B. Warter. —IWredemann Aunafen, vol, LXVI, 1895,
. 623,

Studies the sccondary capacity of a coil by observing
the oscillations of the field creatwd by the cal; thes ca-
pacity is 1.1 Mr* microfarad, the coethcient of self-induction
being from 350 10 G20 henrys, accorling to the saturation of
the iron; Oberbeck obtained by calewlation, 45 nimes
grcater value tor the same coil,  The stwly of another coil
hrings Walter to the conclusion that the secondary escilla-
tions predominate in large cols.  (The soundness of this
opinion is questionable, the curves on which they  rest
appear to show a fault in the coil.) He atnbuies
greal importance to a dampmng factor of the oscillations
which has a higher value than that which he assigns 1t
in the caleulatins.

4. A Wenxerr.—Electrotcchnische Zestschrift, Boerhn,
January 26, 1899,

The first desenption of the eleciralviic interrupter

45. D'Agsoxvar. —Comptes remdns, February 27, 1809,

Calls attentien to the Wehnolt interrupter and gives
somme af 118 characienstics.

36, H. Prrear - Comptes rendus, vol. CXXVIEL, Masch
H), 180N, p 752

Notes the increase in the mean current value when he
intrenduces the primary of a coil in the circuit of a Wehnels
INLErrupLer.
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. 8 Tuosesox. - e Efectrician, London, vol, XVII L.
March 25, 154, L B

Inerease in the pressure of the clect rolvie in the Wehnelt
mterrupter diminishes the frequency of the interruptions
il mereases the mean value of the current.

I8, Testa—The Electrical Revicw, New York, May M,
I =im),

Review of recent works by Tesla.  Points out the fact
that the results obtained are better when the secomdary
wire of the transformer and the high frequency transformer
has o length equal 10 one-quarter of the length of the
oscillnons,

19, ORerneEck.— 1 sedemann A ninalen, March, 1809, p,
L L

Measures the disruptive voltage between 1he point aml
the plate up to 15 em. Jdistance, it s nece alvantageons
o Bave the point negmtive and the plate positive; above
that the disruptive voltage is less when the poant is positive.

AL BLosper.—emptes rendus, vol. UCN XV, April
4, 1sm o 85T

Stnlics with an oseillosraph, 1he corrie: and the differ
vice ol potential between the termnals of an iwluction
corl vy a coellicwnt of selfanduction 2 f2om 0.2 1o 0.3
ey dszumes 1that e CReTEY Sleowedd o the el goes
too charze an electrolvine vomdenser forms gt the annle,
] thar 1his B8 destroved by the mipans <oark,

al. 1" Bary, —Compies remdus, viol CXXVIL Apnl I,
Isemy ge WS

Chserves three phases o the operation ¢ Wehnelt in-
tertipfers ) samphe electradvsis at Jow voltase . the Welnelt

1lf|- et i2a for the mean values: finally -5, '||hL-:|ul:|I:|1-n.L
desertbwed b Mesars Violle & Chassaeny 2ar is 1o sy,
fhiee pevipp haiemee of £l platimnm wine - the 1|||1||-|.
Eavaess o chaert showioge 1l limits of 1l cer et phases
ol B varviem e fosisianee amd oo Boient of self-

nvhineteay of the evenre Gsee Fig A7
a2 N Le Rov. tomptes remdis, v, CXXVILLL April

T, st p 025
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The lecrease and incrvase of pressure causes the Wehnelt
phenomena 1o cease,

B ML Armacxar.—Foairage dectrigue, vol. XIX, April
15, 1880, . 45,

Indicates the form of the primary curremt in a coil
operated with a Wehnelt interrupter.  Observations made
with an Abraham rheograph (see Fig. 44).

M. kavur & Ewcunewc.—Zeitschrift jur Flectrotechnik,
Apnl 16, 1599,

Study the operation of a Wehnelt interrupter using
alternatmg current. With higher resistance in the circuit,
there is a um-directional discharge ; with a smaller resist-
ance. the number of Jdischarges decreases, with an inductive
resistance the effect 1s more intense in one halfi-wave than
in the mbhber.

3. | CARPENTIER. =« Uomples remdus, vol. CXXVIII,
Apnil 17, 1509, p. 887

Peseribes a model of the Wehnelt interrupier aperating
at low voltage with a warm electralyie,

A . ArMacxar.—Compies rendus, vl CNXVIIT,
Aprl 17, 1890, p. s

Sves that there are no oseillations acompanving the
rupiure of current by a Wehnelt interruper, while on the
comtrary the esallatas appear as soon as capacity is
combuni-d o the tesminals,

Expliins the phenomwna eniirely by the calorific action.
clectrodvsis and the capacniy of polarization plaving in-
sipnifivast rles

The memidescence of the gas pives only the pink color
nleerved ar the aneic: 11 18 causged by the rupture spark
which = Famed b envodoge of steam alwnr the anode,

of !
47 1% 2Teal e
The vom 1L grenerated i the secomelary is proportional o

the ratie of the number of secomeiary terns o the num-

A% =EE =

lw-r ual pPraiary turns
Or. Wanrer, =Wiedownms donafin, vl XLV, 1=00,

n, e,
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Photographs the spark on a sensitive plate, moving 1t
parallel with itseli; under these comhitions each discharge
1% decomposed, and it seems that it correspomds Lo three
ur Tour sparks in the same direction.  Before the complete
formation of the spark there is produced several atlemyas
which manifest themselves at the poles in the form of brush
discharge, the length of which increases until the spark is
formed. '

58. H. Tu. Simox.—Wiedemann Annalen, vol. LXVIII,
June 1899, p. 2735

Divides the period of the Wehnelt interrupter into two
parts: The first T,, through which there is an clectine
current; the second T, is that of the imterruption. For
a given interrupier and a constant lemperature of elee-
tralvte, this secoml! term is a constant, T, = C,.  Suppose
o the other haml. that a certain constant quantily of
heat is necessary i onder to produce an interruption,

I,
Jnf\'f’dl' = {,.
il

add if the resistance of the cireuit i1s constant,

Wi Can Write.

T = q:i 'IL 4 .!'_' E
' 2 K I,
total peniod is
TN 1 F Gt B
T = ¥ !l{, ol T _I;"‘_ ar 1+ F.

39. . Tu. Srvox.—Wiedensann Annalen, vol. LXVIII,
April 19, 1509 5 86,

Germian patent relative to the symmetrical electrolytic
interrupters.

G, . Anrasas.—Sociddd® francaise de Physigre, Mav
A, 159, Bulletin, o 70

=
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Charges a condenser with the aid of a high tension
transformer amd obscrves photographically the discharpe
of the condenser between the two electrodes. The fre-
quency of the sparks increases with the value of the
current,

In each half-wave the sparks come closer together, until
the moment when the difference of potential is a maximum,
then they come further apart.

61. Carowerr.—The Electrical Review, London, vol.
XLIV, May 19, 15809, p. 837,

Describes an electrolytic interrupter, with a hole similar
to that of Simon.

62, Cuio.—The Electrical Review, Londen, vel. XLIV,
Mayv 26, 1899, p. 874

Studies the interrupter pointed out by Caldwell, and
noted particularly the nse of the clectrulvte produced
in the tube. _

6. Erxst Runumer. —Elektrotechnische Zeitschrift, vol.
XX, 1899, p. T87.

Verifies the formula given by Simon (B, No, 51) and
fimls the resistance and voltage constants for periods equal

L1
IT'=AL+ B.

For L = | 2 3 4 3 X1
The caleulated frequency i1s: 223 264 305 346 3857
The vhserved [requency 1s: 220 262 307 353 392

64 O, M, Corsixo.—R. d. Lincer, vol. VIII, December
17, 1809, p. 352.

Objects to the thermic theory advanced by Simon for
electrolvie anterrupters. Calls attention to the fullow.
mg expenment: An mdoeciion coill without ron  being
commected noa circuit wath an interrupter without other
sell-induction, the current simply clectrolvaes the hiqud;
the act of introducing an ron core intu the col produces
interruplions.

65. Wenxerr & Doxaru—Wiedesmimn Annalen, vol.
LXIX, December, 180, po NG
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Gives different curves for primary current in coils with
the Deprez amd Wehnelt interrupters.  Observations made
with a Braun cathode tube.

66. B. Wavrer —Fortschritte anf dem Gebiete der Kont-
gensfralifen, vol, 11, 1599,

States that there is only hvidroeen at the cathode with
the Wehnelt interrupter, amnd that a mixture of hydrogen
and oxveen at the anode, and supposes that an explosion
of the mixture produces an intermaption of the current

67. H Arwmacxat.—FEclairage  dectrigne, vol, XXIL,
January 27, 1900, p. 121

Theory of the rupture spark; this spark does not furm
when the geomeincal rupture takes place, but later.  The
consequence 15 that there 15 a certain capacity which gives
in each case the maximum lengtly of spark as was proven by
Mizuno who obtained curves giving nearly the theoretical
form of the current of ruplure.

63%. E. Runvien —Flekirotechnische Zeftschrift, vol. XXI1,
April 26, 1900, p. 321,

Observes e sparks by photography and hinds preat
irrcgulanty with the Wehnelt, ait less wiath the Sanon
intermapier.

69. K. R Jonxsox.—Drmde Amvalen, vol. 11, May.
1488, Iv. 174

Discusses the theory of Arons (3. No. 35) on ™ The Re-
sistance of the Rupure Spark ™

0. K. R, Juuxsox.—Philosophical Magazine, vol. 41,
100, p. 216,

Verifies experimentally, the law of the spark length amd

findds 11 proportionas] to "'.._"l:.i_ ;

71 Bearnie, - Phifosophival Magazire, vol. 50, 100 .
1340,

Verifies the experiments of Rijke on the influenee of the
nature of poles of the interropter amd 1ts relation 1o the
leneth of the secomlary spark.  Tle measures at first 1he
length of the secondary sparks obtained with the viremt
clused. and finds that this length deereases with the valt-

i gy e
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age of the source. On the other haml, at the moment of
rupture, the length of spark decrcases when the voltage
increases, at least with the platinum contacts.  Studies
the optimum capacity with different metals as contacts
in the interrupter.  This capacity is the smallest, and ihe
sccondary spark is the longest, when the contacts are of
platinum; copper, zine and carbon require greater capacity
which increases in the order mulicated.  Gives tables and
curves showiny results,

72 K. R Jouxsox.—Drwde Anualen, vol. [11, 1400, p.
445 and T44; vol. 1V, 1901, p, 137,

Starts from known differential cquations and by making
assumptions which are not justifiabde, Jetermines that the

_|I'| L o This
N L
c.m.f. becomes zero without magnetic leakage, or, M2=L /.

o3 B, Warrew ~Fortschritte anf Jom Gebiete der }Kont-
genstrahlen, vol, 1V, January 25, 1'nt, p, 1.

Shows the importance particularly with the Wehnelt
mlerrupter, of Praportioning the cootficient of self-imiluc-
tion of the primary 1o the eond. of 1he source in such a
manner that the e.m.f. produced ar the moment of clusing
the circuit, and that the rupture be s Qifferent as prossible,
Advises the use of a pnmary having four wires which can
Le connected wogether in various wavs,

71 Fr. Kuxe ELFUss.—Zcitschrijt fur Electrochemic, vol,
VI May 23, 1001, p. 642, Verandlungen der N atur-
fovschenden Gesellschaft, Bale, vol. NIII.

Determines the disruptive voltage necessary for long
sparks by measuring the primarv voltage by the length
of sparks between the terminals of the cireuit and muhi-
plving by the ratio of transformation.  This method, which
woull be exact ii the primary and secondary sparks were
furmed exactly at the same moment. conducts to a sinunlar
conclusion: He fiicds that the disrupmive voltage increases
with the value of the primary current. that is, with the
magnitude of the secondary spark.

el of self-inductiun is proportional 1o
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h. Nemsavecn.—Deocter theses, Paris, June 25, 1901,

The character of a spark depends on the resistance and
coelhicient of self-induction in the discharce circuit.  The
sparks produced in the air at ondinary temperature, by a
discharge of a large capacity, present this in three forms:
Ist, ondinary sparks; 20, imtermattent sparks; %l vseillatory
sparks.

By photographic observation with sensitive plate having
a movement of translation greater than M) meters per
secoml, the author proves that the ordinary spark is com-
posed at first of a straight luminous path, which is the
first ‘discharge. followed by curved lines more or less nu-
merous which correspond o the avroral discharee,  The
luminous path is produced by the ineandescence of the air
broken down by the discharye.  The space is afterwards
filled with metallic vapors: miven off by the electrodes in
such a manner that the spectrum of oscillations is simply
that of metals

When the resistanee of 1he 5] itk 12 inereasml. the num-
ber of oscillations diminishes hrtle by little, the discharge
finishes by becoming aperishic. 11 we inerease the resist-
ance sull more, the discharge Jdivides. the sparks become
mtermtient, the quantity of the metallie vapor formed is
smaller, the spectrum of metals is no longer founld vxeept
in the neighborhood of the clectrodes.

If the resstance is replaced by an inductive reactance
which is vanable but without the use of jiron. the luminous
Pﬂﬂl becomes fainter, the aurorn becomes more reeular, and
there 15 preponderance of metallic vapors. oscillatory Jdis-
charge 1= obtamned in winch the oscillations are slower and
more numerous than in the ordinary spark

With a very high covtlicient of self-induction, the lu-
minous path isappears, the surora remaims: then the
spectrum s entirely that of mwal

Intoesduection of irom it e iedaction eol deereases the
speed of the osallations aned dmanishes therr nosther, the
damping becomes more energetie The Foueaull currents,
which develop in the core aml the cail, have analogous

ST B LR
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6. Muzvxo —Drude Annaten, vol, TV, 1901, . S0)

Calculates the effect pronluced by a non-inductive re-
sstance K connected in shumt with a condenser, when it
i3 charged by a primary current from an imlbuction coil.
“his resistance produces an increase in the apparent re
sistance R’ of the coil and a Jiminution of the apparent
capacity €

] -'F- “ - r
K ‘-R+rf..1.1{. _LH_'”

The presence of the resistance r increases the Jdamping
of the oscillations, and if r decreases below a certan limit,
the discharge becomes aperiodic

71, ."-[|.1f.I"-.'u.—."j"l'iﬁrrs::pfr.fl-n" Magazine, sixth series. vol.
I, 1901, p. 246,

Studies the rile of the coctlivient of self-induction in the
Wehnelt interrupter, and concludes that the spark at
rupture is necessary for the operation, becanse i Jestrovs
the laver of steam which covilops the anmde.

78, M. A Copp.—Electrical Reviewe, London, Novembeor
15, 1901, p. 789,

Puts two Wehnelt interrupters in series and observes
an inerease in the length of sparks and the Treriueney
The imterrupters put in parallel operate in svnehronism

i Lorn Raviemcu.—Philosopliical AMgazine, val, 11
December 1, p. &8l

Not] that a prart of the CNUTEY stored in the cwl cannot
be utilize:d when there is magneiic leakage

Studies the role of the iron core, and shows that its ae-
tiogy 35 commpletely nullificd i the magEnetic Cirvig 1% en-
trely closed: the iron loses by hvsteresis the coerpv which
% stored inoit As soon as the maenetie circuit is ipened,
a part of the energy of thwe e s remdered availalsl,

He produces a swdden mapaure of the primary cincuit by
shouting il apart witih a gun;: he olitains thus the Test sparks
with an orlinary interrupter amd the condenser

s L Teew wgance, - Phifoseophicaed Magazine, vol. 111,

April 1902, 10 304,
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Desenilvs an electrolyvtic interrupter in which a platinum
wire forming the ansde is given a reciprocating movement
alung 1ts axis in such a way that the arca of the part im.
mersed i the electrolyle vares rapadly.

1) K bves—-Physical Review, vol, NIV, June 1902,
p. 280, vol, XV, p. 7.

Expermmental study on the influence of the iron core
and on the effect of the capacity in the sceomdary,  Ex-
penments all made with commercial aliernating current,
giving no novel results.  The seeond part is then a tenta-
tive theory for the rupture spark. The author admits
that tlus cannot happen if the increase in the disruptive
em.f. a5 a function of time is more rapil than that
of the c.o L of self-induction. This theory would lead one
ter think that the rupture should absorh all the energy and
that nome woulid be foumd i the secondary.  The experi-
ments of the author destroy this theory,

82, 1L Armacxar.—lohurage Hectrigue, vol. XXXIII,
Novenmbwr 15, 12, p, 217

Discusses the memoirs of Lond Ravleigh, Ives, Walter,
R lipeoliss, il ot heres, |".\|l|.;|i'.|1-'- h:'.' seciponabizatn 1he
difterenee e the results el By Walter aned Oberbeck
in calculting the capacity ) the 54_'1_‘1|1|;-L|.1_'|.| shows that
there muay exist differences m phase between the currents

ool the

e =evtiens which temd to dimunsh the lengn
spaarks e extemds the theory of Lond Ravieieh to the
case ol vetls having magnetice circuts alimost closesd, and
shows that an air gap of the order of a twenticth of the
tetal length of the magnetic crcuit gives alwout the same
comlitton as a siraight core.

i ] B Ives—Phosicad Revicwe, vol, XV, September
13, . 195

States that the optimum capacity Wlitfers for a ewil
with a mereury interrupter) according to the relative
polanty of the mercury amd the plunging contaet

4 I Aevacxar.~—FEdaraee dectrigiee, vol. XXXV,
Novembar T RES, . 241

Analvaces the sumiensis enrren? ourves peeeluces] wilth o
]
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Blondel oscillograph; shows that this curve verifies the
theory of the rupture spark. The conclusions of this
study are:

The damping of the first oscillations is due 1o the sparks,
the primary as well as the sccondary.

Hysteresis appears to play an important role in the
dampinyg of the following oscillations.

The oscillations are not simple, at least not always;
they are the resultant of several oscillations of different
frequencies and damping cocfficients.

The sccondary current retards the demagnetization and
may trouble the operation of the interrupters.

The v.mfs. of induction developed in the two circuits
are, evervtinng else being equal, functions of the resistance
opposed 1o the sparks amd not only a funciion of the
maximum current value in the primary.,

85, N.—Netice sur In vie e les travany Je Rulonkorff,
1IN, pubhished in honor of the centenmial of his birth by
the Socrete des Electriciens Jn Haneore

86. C Bave—FElektrotechmische Zeitsehrijt, vol. XXV,
January 104, p, 77

For the mean values, the law of disruptive “oliage as a
function of the thickness of the dieleetric mav In Tepre-
sented b the formmla, /2 o« o, ¢ being comstant

8o | pE howaLsgy.-~Lomples reandns, vol. CXXX VI
Febiruarv 22, 1, p. 455

Messured the disruptive Jdistances in the mir between a
chsk 15~ pullimetres e Jdameter and a sphere 20 milli-
meters i Grameter, both i.u'!u;: of brass (see Fie 40, The
source of eand was a comndenser chirged by continu-

ous currenl Jvpamoe. The llowing results were obitained:

AIEY valrs, Jdistanee. 1S centimolors

I & 1.1 o
Bt o 3.0 .
LR = i i i “'
FLIRE ¥ Ll o

w0 Lyt Reunner —Monxtendtzon, HBan wod Bebodeh son

Funkvinaiagsorsg,
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Deseription of most of the types of German apparatus;
instrections for thejr use; ad their application to radio-
graphy, 438 hpures. Hachmeister ¢f That, oditors, Leipaig,
IR

R0, GanstEre, —folainage Aectrique, vol, NXXNIX, p
115, Paper read before the Acadensie des Scienoes, Febru-
arv M, N1,

Obsierves the secondary spark of a coil operating with a
Wehnelt interrupter.  Finds that there 15 one umi-direc-
tional Jdischarge at both make and break of the circuit,
arnd that the frequency of the interrupter, when determined
by vbserving the secondary spark with a rotating mirror,
varics (rom 400 to GO interruptions per second, instead
ef from 100D wo 1500, as was formerly belicved.  The high
frequencies were arrived at by measuning the paich of the
note prosbuced by the interrupter, . The author thinks itis
possible that two explosions wake place poer imnterruplion;
one when the gases form, amd one when they are ruptured ;
thus wiving a note which has double the fregquency of the
current anterruplions.

M GanxierRE.— rchoies o Electrieite mafroade, Apnl W,
ko p 24

The vas abbles disensazed by the electrolvsas of the
Bigquads i the Wehnelt mterrupter prosioce an anvrease in
the resistance, amd there 15 a certain surbiwe about the
plvinum  point where the density of the current 15 a
maxunumnt: it 1s on tns surface that the heatimg and vapor-
izatiom of the hguul takes place. amd therelore the rupture
of the circait.  The suriace in question canne be m con-
waet with the platinam.  The author admits that the lu-
minous phenomena of the envelope is produced between
two lavers of the ligquisd amd that the anele 15 oot heated.
Thes explaing the rapadity at which the contact s re-
established.  The observations of gas bubbles shows that
thev are disengared o o repuliar manner mest cenerally
mwving in a plane perpendiconlar o the platimum plunger
amd at its muddle.

91. Broca & Turcwixi—-Bulletin de fa Socidté inter-
watfonale des Electricions, Apnl 1904, p. 235,

B e —— .
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Stuched the form of the establishment of the current
and the rupture by means of a hospitalier ondograph.

92. K. R. Jouwsox.—Comptes rendus, vol. CXXXIX,
September 5, 1904, p. 477,

Constructs an interrupter of the Simon tvpe by the aid
of a glass funnel tube of which has a diameter of 7 milli-
meters, and a length of 10 millimeters. This tube is fast-
ened on to a eylinder 75 nulhmeters in diameter, and all is
immersed in a larger recepuacle filled with alum and sul-
phurie acid. An electrode of aluminum is plunged in each
vesscl. When the apparatus 1s connected to a circuit of
110 volts. a bubble of steam 1s formed in the tube, the cur-
rent is interrupted ; afterwards the bubble escapes to the
interior cvhinder where it is condensed and the current re-
established, This interrupter operates very slowly and
independently of the constants of the circut,

03, FElektroteckmisehe Zeitschrift, vol. XXVI. 1905, p. 382,

Deserniption of an interrupter used with induction coils
to produce high frequency discharges.  The apparatus
stands up well under service; the only detenoration being
the consumption of the carbon. With this interrapter
heavy thscharges at maximum c.m.f. can be obtained.
Fig. 1 shows the methwd of connecting the apparatus;

oz
lI.‘

X Xy
Fig. 1.

€ € are carbons: M is an clectromagnet; X, and X, are
condensive and imductive reactanves respectively.

04. A Soviier.—-L'Indusiric diccirigre, vol, XI11, 1904,
p. 303

Describes and gives circunt oliagrams of apparatus for
producing high irequency shscharges: a closed magnetic
circuit coil is used
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95 J. C. Hussaro — Electrical Review, London, vol,
XXI1, 1906, p. 120,

An experimental study of the conditions for sparking
at the interrupter comacts, Includes a method for meas-
uring the capacity of a coil.

Wi. W.F. LexTtaxn L. B. Weeks.—Electrical Weorld, vol.
XLVIIT, 19096, p. 2114

Instructions for the construction of a G-inch (15-em.;
induction coil.

9. Wiieiam O, Enny axp Mewviere Eastaam.—Flec-
trical World, vol, XLVILL, 1906, p- 1145,

Gives theory anl method of desigming indduction coils
for use in wircless telegraphy and the production of X-ravs.

s Fo W Serixcer.-—Electrical World, vol, XLVIII,
LN, ppa. 995, 1111 and 1242

Theory aperation and tests of imduction coils uswd
Lo 1gnite gFas engines.

M. Wiiiam Q. Enny. —FElectrical World, vol. XLIX,
1007, pp. 40 and 244,

Complete instructions for the construction of a 12-inch
spark ool for all around usye.

e B W, Euxerr. --Elebtroteets il wmd Masclinenban,
vol, XXV, 1907, pp- A7, 61 amd 377

Theory and design of mduction coils; being a resumé of
practice up to date.

i, F.W. Serixcew, =Electrical World vol. L. 1907, I
1165,

Tremis the desion and petformance of spark cols for
operation in the contact, the jump spark and the vibrating
jumyp spark svstems.

W2 Ko J. Eowaros.—-Elecrical Workd, vol, L, 17, I
FLIS

Treats the energy transferred in induction coils 1o gnite
Ras cngmes by the comact svstem.  Gives test resulis amnl
shows the relations existinge between the pPernd of contaet,
the cowilicient of selfainduction, the e.m.f impressed om
the prmary, amd the coverey stored in the svstenmt Also
gives the following equatiun for determining the numbes
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of dry cells (1.5 volts per cell) required for a given service.
ne=04T+3,

wherein T is the number of hours of operation per day,
1t J. G. Cnarver.—Eclairage  dlectrique, vol. LITL
17, p. 438,

Duescribes an ignition svstem invented by Sir Ohiver
Lodge. Fig. 2 shows a schematic diagram of the connec-
tioms: [ is an induction coil; g an auxilary spark gap; LG
comndensers: B a high resistance representing the leakage
resistance in shunt with the spark plug P. The con-
densers being conneeted through R become charged to a

M

“—4_ H

—

o

Fig. 2.

™ nential furr{-5]a|'||1:].111_1_[ 1o the maximum con.i }:l*rld.'rﬂll'l]
by the coil, or to that corresponding b the breakdown
1_:,-11| [ of the gap, ¢ When the spark 1= formed at g, [icll
eanf. is impresswl across the spark plug 70 I K is oo
great. the charging rate of the condensers 12 reduced | if
3% 100 small, the current across the plue a2 reduced. The
a lvantage in this svstem les in the fact that careful insula-
tpum of the high iension sele 18 not pevessary

e W. vox Ungaxix. —Physicalische Zettschrapt, vol
8. 1007, p. 6940,

Disenibes a new form of hole intermapter which operites
for months without wiving trouble.  The Jduaphragms ar
made of thin poreclain thimble-shapo] tbes, having
smiall perforation in the bottom from § to 2 mllimiers in
diameter.  Each thimble is inseriad in the bvatom of a
beaker in a hole, forcsl to it and held mopeessation by i
short prece of rubber tubing., whwh surroaeeds i1, The

beaker 15 Pla-.:.:d i a short vessel which contamns the samw
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kind of hiquid as does the beaker. The electrodes are thin
leaden coils wound in spirals, one inside and one outside
the beaker. The latter is so bent as to envelope the lower
portion of the thimble. The two ends of each coil croerge
from the liquid, and dunng operation of the interrupter,
they carry a current of cold water. The beaker may be
ftted with several heles in the bottom in which thimbles
can be mnserted and kept in reserve by closing them with
rubber stoppers. When using the larcest size hole, the
author operated the interrupter satisfactorily with 12
ampercs. .

ST P T et L
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A. E. G. mercury Lurbine inter-
rujiler, 1482,
synchronous  turlbane nter-
rapter. 147,
Air-gap resistance, §2,
Aluminum valve, 149,
Arons interrupler, 147,
Aster automolile ignition, 182,

Bauer's Liw. 74,
Break penod, 19 to 25
Building up curves, 17 Lo 19.

l:!.pl:it]_".r aprparent, 43,
charging, 1740,
measurement, S5
_npt.ifnurl!. u, 35, 91,
in secondary circuit, 45.
Carmpentier electrolvtic inter-
rapter, 142
inlerrupter, 120
Cathode valves, 174,
Characteristi: curve, 90,
Urrcuit-breakers, i
Colley's treatment of the break
Ell'l:'il wl, Ml
L oetlicient of ;
induction.  closed  magnetic
cimcing,
o magiichie cinewmt, 24,
mulunl induetion, 15
miea<urement, S0,
self-imcd et ron, 13
formmla, 111
s tprerenl . S0
vl oy, ol
! ||"'.|1|']1 LT e S [
Toeg w [N RN | ra1) il oF CORTacls,
11
conmectinge wires, 1GY
connevtien, [F
Cond fuctw, NG
arenrpams. g
shar = pre i, bwealion, 93
Connecting wires, 104

Comstruction of insduction coils,
4 Lo LIS,
of interruplers, 119 to 150,
Vontact, -duration, X6
iitial rapadity, lemit, 41,
m-n-.—-.p.irE.irrH metul, 40
rapid break, 40,
Contremoulins & Guaifle’s inter-
rupter, 125,
Core dimensions, 108,
effect of, 49.
Counter e.m.f. during make, 18
Urookes tubes, operation, 186
Current densityv, 104,
illﬂ-u']'laTE'I.‘_ :‘-h1ft|ll!¢ jrmnt, 3
dunng make, 15.

Damping of o=cillation- Tuv :;p_;{fl.:
1]
o Arconval high frequen v trans-
lasfrieer. Lol
inlerrupster | L}
& Lamirle high frequency traps-
former, 155
Mesfemitroams, )
| ez imterrupter, 120
I el tries, 14
the =l Ly L1 N TR 1]
| B EIRTT L | PG L LR TLT RPN B
Disrujnive em.d.  See stinking
¢
disharge, 7.

Efficiency of indwction el &%

seves i ey e lieasi] s gl
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vilse, 85
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'liln'l.mt:,.'!ir inlereapeer, 14,
valves, 149
Eomfe at roplure, 26
Energy almorlsid i hysteresis,
all,
availalle, 51
elistriloud boomy dpn vl 420,
e, St
stored in et we Giehd, 3.
I':1|ll'i‘-':l.ll.'nl reastamee of X-rav
tulmes, 192k,
Experimental denwnstrations,
bl |

Faults in cinls, 12
Forrid® resomatasr, 1579
Fraeault ilerrpdoer, 123G

Gaiffe-Gallot elovirodvin  imter-
rupler. 144, '
Gasvngine operatem, 177
Uieissler I‘.'l.lh_"\‘ 1] Tal b, 1513,
Crliss, prameturime. 150
Linmsehl interrapeer, VG

Helmboliz law, 17
High frequency conls operated
from lghtisge <caems, 1G],
Tesla teansformer, 1531,
Fiilher comld, 10022
Hirchmann intereapter, 134,
Flictowrse, 5 e 14
THeolse iull'nlll:-'rr ey lmter-
rugrter, clevioodvtn
||._-.-.I1_-n:-'.-i~i_ CICT alsarhed in,
M
Ipnition.
vl MG
eriuivaleat sparks, 153,
LA L[ ELE] TN B
regalatiom of elvamee, 181,
gk prrevisnon, 170
tiannnage, 15s
vilwating interrpters, 150
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Jirotka Levy elevtrolyiw inter-
rupler, 141,

Klingelfuss codl, 101,
ooy revtitior, 148

Layer winfing vonstrwtion, 96

Levoarme & M hel interrupler,
125,

Lubmwe snterrupter. 1347,

Max Levy mwreury turbine in-
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Magnetizng fonee, T
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Mimdeca] coals, DNy,
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Operation.
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Peneirative power of X-ravs,
155,
Meriewd of e illation, 22,
Permeabalinw, variaiion. 54,
Me=, a==embily, 95
con=traction, 95,
1 hie kness, B,
Poallak, alumimon rectifier, 140,
Poer of venly, K
Primary vonl, const rcton, M.
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Py corrent, direction, 167,
dunng decharge, 20
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et , AL,
Shiert -oapewit s, locatuon, o2
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Simon-Calilwell, ae., electn
Ivtic interrupter, 144, 148
Spark at interrupter, 31, 34
lag. 38,
Spark plug, effect of dirt, 155,
Spark resistance, 32,
Spark, 7.
ﬂu:num-::m. 10,
tween puint and plate, 75
propertics, v,
Spectroscopy, requirements, 170
Spottiswoole cml 13,
Binking com ., 33, ¥2.
between  plate and needle
point, 7k
prezzure eflect, ¥a.
with rapid interrupters, 82.

Temperature ri=¢ of induction
eomlz, 107,

Tesla oscillators, requirements,
1,

Tesla resonator, 158,

Tesla transiormer, 151,
period of awcillation, 154,
ponciple. 1510
translormulion coefficient, 155

Testing induction vinls, ™),
inlerrupler suitable for, 91,

Theory, gencral, 1 to G

Thomson & Shaml, electrolytic
interrupter, 140

Types of induction coils, 113,

Unipolar coils, 1040,
Uses of induction coils, 164,

Villard, a.c. interrupter, 146,
cathodic valves, 174
interrupter, 129,
mercury jet interrupter, 138,

Winding outfit, 97 :
Wireless  telegraphy, require-
ments, 170,

X.rays, 14.
tubes, direction of current,
165
interrupter suitable for, 173
operation, 152,




